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@ Surface Combustion research 
in the development and use of 
specially prepared gas atmos- 
pheres for all heat treatments of 
ferrous and non-ferrous metals 
has made possible metallurgical 
results of such significance that 
it goes beyond the mechanical 
details of furnace construction. 
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required multiple units 


Today, with the use of ‘Surface’ 
furnaces 
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radiant tube 
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Heating for forging 1" stainless bex-head machine 
bolt blanks with 10,000 cycle TOCCO Induction Heat- 
ing Unit. Photo — courtesy The H. M. Harper Co. 


with TOCCO Induction Heating 


® Naval Bronze, Silicon Bronze, Copper, Alumi- 
num, Monel and all types of stainless steel are 


heated for forging at the H. M. Harper Co., 
Morton Grove, Illinois. Regardless of material 
TOCCO can be profitably applied to brazing, 
heat-treating and forging operations in almost 
any metal-working plant. 


PRODUCTION UP—In addition to the very im- 
portant savings in forging dies, TOCCO has 
increased production to as much as 265% of 
output possible with former heating methods. 
On the 1” type 303 Stainless machine bolt blanks 


THE OHIO CRANKSHAFT COMPANY 


shown here TOCCO upped production from 75 
to 200 parts per hour, using 35 K.W., 10,000 cycles. 
VERSATILE —The same TOCCO machine is used 
on stock of %” to 1%” diameter; heated zones 
vary from %" to 4”. TOCCO’S automatic timing 
cycles provide complete uniformity of heating 
throughout both length and cross section—as- 
suring a uniformly high quality product. 
e 

Why not have a TOCCO Engineer investigate 
your plant to determine where TOCCO can cut 
your costs and streamline your production? 


iwew FREE 


BULLETIN 


THE OHIO CRANKSHAFT CO. 
Dept. R-8, Cleveland ie tone 


Please pone, copy 
of TOCCO 
Forming and Foruing™ : 
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Write or call your nearest Latrobe 
representative. Sales engineers stand 
ready to give you the important facts on 


Latrobe Desegatized Brand Steels. 

















Parts Plant Saves Approximately S60 


Dail y with Homocarb Heat Treatment 


Savings ¢ ipproximately $60.00 per day, or about Shops of Biddeford, Maine. Most of the savings come 
$22,500.00 in 18 months, followed the adoption of the from elimination of rejections due to distortion, these 
Homocarl irburizing process by the Pawtucket — rejections being previously of no value 
Spinning Ring Company, Subsidiary of Saco-Lowell Additional savings are realized because of the small 

amount of time required to load rings into the Homo 
carb plus the reduced Cost per pound ovel pack cul 
burizing 
In the Homocarb process, the four factors whi 
cle termine the success of the carburizit y treatment are 
under perfect control at all times. Each piece of mate 
rial in the furnace is exposed to the same quality and 
quantity of gas, for any desired temperature and length 
of time Jecause of this identical treatment, a uniform 
case results, which can be duplic ited by anv heat 
treater, day after day 

Adoption of the Homocarb process has resulted 
hundreds of plants in lower operating costs and a cor 
sistently uniform product. There is a Homocarb fu 


nace to fit yvour operation. For further informatio 


write for Catalog T-623, or if your problem is specific, at 
for these 3 Homocarbs and quenct 
| i 


‘nye Ee | ‘ oO ~1s rt 
clean operation often leads users LAXN engineer will be glad to call. Leeds & Northrup 
production line. Company, 4927 Stenton Avenue, Philadelphia 44, Pa 


I 
in 


MEASURING INSTRUMENTS - TELEMETERS - AUTOMATIC CONTROLS - HEAT-TREATING FURNACES 


LEEDS & NORTHRUP CO. 


American Society aubacriptions 
Issued = monthly at the post office 
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Why you should know about 


this product 


It's a spice rack that fastens to the back of a cabinet door. 
But more than that—it’s an example of how you may im- 
prove your product—or increase sales—with the help of 
your Kaiser Aluminum Distributor. 


L. M. Hobson of Portland, Oregon, designed the rack, 
named it the Dor-File, and began producing it by hand in 
1947. A Kaiser Aluminum Distributor gave him technical 
advice, helped him improve fabrication methods. Today Mr. 
Hobson's Dor-File Manufacturing Company is turning out 
aluminum racks on a production line for nation-wide dis- 


He is eager to offer you the kind of service and engineer- 
ing help that established his organization as one of the 
country’s finest materials suppliers. 


Take advantage of his service. Write down the name and 
telephone number of your nearest Kaiser Aluminum Dis- 
tributor right now. You'll find him listed below. 


Permanente Metals 


PRODUCER OF 


tribution, at the rate of 1,020,000 units per year! 


If you're busy trying to perfect a new product—or im- 
prove an old one—may we suggest you consult your nearby 


Kaiser Aluminum Distributor. 


Kaiser Aluminum 


FOR WAREHOUSE QUANTITIES, CALL YOUR LOCAL KAISER ALUMINUM DISTRIBUTOR 


BALTIMORE, Maryland 
The Hill-Chase Steel Company 
of Maryland 
6311 Erdman Avenue 
Peabody 7300 


CINCINNATI, Ohio 


Morrison-Drabner Steel Co., Inc. 


1074-1084 Summer Street 
Wabash 4480, 4481 


CLEVELAND, Ohio 
Nottingham Steel Company 
West 45th St. & Division Ave. 
Atlantic 5100 


DETROIT, Michigan 
Cauhorn Distributing Company 
9999 Broadstreet 
Hogarth 3858 
Copper & Brass Sales, Inc. 
3000 East Woodbridge 
Fitzroy 3380 


PERMANENTE 


PRODUCTS COMPANY, 


EVANSTON, Illinois 
Korhumel, Heffron & Preiss 
Stee! Co. 
2424 Oakton Street 
Ambassador 2-6700 
INDIANAPOLIS, Indiana 
F. H. Langsenkamp Company 
229 East South Street 
Riley 9311 
LOS ANGELES, California 
Permanente Products Company 
Warehouse Division 
551 East Macy Street 
Mutual 72 
LYNDHURST, New Jersey 
A. R. Purdy Compony, Inc. 
Page Avenue & Orient Way 
Rutherford 2-8100 
NEW YORK: Chelsea 3-4455 
NEWARK: Humboldt 2-5566 
MILWAUKEE, Wisconsin 
KHP Milwaukee Stee! Company 
1550 South First Street 
Evergreen 3-5 


KAISER BUILDING, 


MINNEAPOLIS, Minnesota 
Korhumel, Heffron & Preiss 
Steel Co. 
3225 Como S.E. * Gladstone 5943 
OAKLAND, California 
Gilmore Steel & Supply Company 
1960 Cypress * Glencourt 1-1680 
Permanente Cement Company 
1924 Broadway * Twin. 3-4600 
(Hondles Territory of Hawaii) 
OMAHA, Nebraska 
Gate City Stee! Works 
lith & Seward * Atlantic 1830 
PHILADELPHIA, Pennsylvania 
Hill-Chase & Company, Inc 
Trenton Ave. & Ontario St. 
Delaware 6.5400 
PHOENIX, Arizona 
Arizona Hardware Co 
47 E. Jackson St. * Phone 3-3111 


OAKLAND, CALIFORNIA 
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PORTLAND, Oregon 
Eagle Metals Company 
809 Dekum Building 
Atwater 4962 


SAN FRANCISCO, California 
Clingon & Fortier, loc 
1526 Wallace Street 
Mission 7-0206 
Gilmore Stee! & Supply Company 
840 Brannan Street 
Klondike 2-0511 


SEATTLE, Washington 
Eagle Metals Company 
3628 East Marginal Way 
Eliot 4764 


SPOKANE, Washington 
Eagle Metals Company 
E. 41 Gray Street 
Main 2419 


WICHITA, Kansas 
General Metals Mfg. Co., Inc 
218-220 South Wichita 
3-4314, 3-2373 


* OFFICES IN MAJOR CITIES 





pick and shovel days are over 


Bull-dozers and steam shovels ended pick and shovel methods in for 

earth moving. So modern strip mill facilities banished pick and 

shovel techniques in rolling stainless sheet and strip. Climaxing ° 

this progress, CRUCIBLE, a specialty steel producer for half a century, $s ta Lim l ess 
has built an $18,000,000 mill at Midland Works specifically for 

rolling stainless steel—the first mill that has ever been built to s heet 


take complete advantage of the best in stainless rolling practice. 


You would expect this of cructBLe. You would expect that the a nd stri 
top organization in the specialty product field would make stainless P 
as a specialty—and you would be right. Here at Midland, hot and 
cold rolled stainless sheet and strip are made in widths from 
16” to 50” inclusive, in all gauges, grades and finishes, with the 
same precise quality control that has made CructBLe the leader 


in special service steels for generations, 


Moreover, with Trent Tube Co. joining the organization you 


can now turn to CRUCIBLE for every type of stainle heets, 
ys P 
plates, strip, bars, tubing, forgings, wire and castings. Data sheets 


are available for all grades. Your inquiries will have prompt attention. 


CRUCIBLE STEEL COMPANY OF AMERICA £ bal 


105 Lexington Ave., New York 17, N.Y. 
Branches, Warehouses and Distributors in Principal Cities 


Sete 
Se 
.- 
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RUCIB first name in special purpose steels 
hot and cold rolled MVE [Mahe dame Lg 
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The diesel engine parts emphasized 

in the cutaway drawing are usually 

made from alloy steels. They are 

the rods, pins, bolts, springs, rockers, 

and valves that are largely responsible 

for the dependability and efficiency of 
modern diesel power. 

In many of these parts alloy steel pro- 
vides the added strength to take the 
higher stresses encountered in this type 
of engine. In other parts it furnishes the 
increased resistance to corrosion, to heat, 
and to wear, needed for long trouble-free 
operation. 

Bethlehem produces the high-grade 
alloy steels used for diesel parts by many 
of the nation’s leading engine builders. 
From start to finish, the uniformity and 
quality of Bethlehem alloy steels are 
rigidly controlled. Every known precau- 
tion is taken to see that they meet the 
exacting requirements of the industry. 

In addition to manufacturing the full 
range of AISI steels Bethlehem also pro- 
vides metallurgical assistance to diesel 
builders. Our metallurgists are glad to 
help with any problems concerning analy- 


with 
tie 


sis, heat-treatment. forging or machining. 


BETHLEHEM STEEL COMPANY. BETHLEHEM, PA. 





BETHLEHEM ALLOY STEELS 
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" Your production line is your profit 
NE line—safeguard it by using APEX 
Z-50, a proven quality alloy. Having 


uniform casting characteristics with 
better-than-average mechanical prop- 
erties, and free machinability, APEX 
Z-50 will meet most of your casting 
requirements. When quality plus econ- 
omy is paramount, specify APEX 
Z-50—‘“'Proved Best By Test’! 





Apex Smelting Company 


Chicago «+ Cleveland 
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REPUBLIC’S 3-Dimension Metallurgical Service 
May Uncover Your Answer to Production Speed-Up 
— Improved Quality—and Lower Costs! 


Unless you are completely satisfied with your product on these three 
counts: (1) rate of output; (2) quality; and (3) cost of production, your 
next move in the approaching battle for business should be a complete 
check-up on the alloy steels best suited to your product, to your processing 
methods and to your equipment. 

In industry after industry, REPUBLIC’S 3-Dimension Metallurgical 
Service has been matching the correct alloy steel to specific applications 
for years. Invariably, this problem has been 3-dimensional, too—requir- 
ing full consideration for: (1) the effectiveness of the steel and what it 
can do for the product; (2) the processing necessary to obtain desired 
results; and (3) the cost of the steel itself. 


Here’s how this service works: A Republic Field Metallurgist, together 
with your own metallurgists and engineers, studies your problem right 
in your plant under actual operating conditions. His work then is com- 
plemented by and coordinated with that of Republic's Mé// Metallurgists 
and Laboratory Metallurgists. 


The Result: Just the steel you need for every application—quality and 
salability for your product—high productive efficiency—low unit costs. 
In other words . . . the most you can get for your money. 

Are you wondering what alloy steels can do for you—or if you now 
are using them correctly? Ask the men who know —ask REPUBLIC! 


REPUBLIC STEEL CORPORATION ~ Alloy Steel Division, Massillon, Ohio 


General Offices, Cleveland 1, Ohie . Export Deportment: Chrysler Building, New York 17, N.Y. 


ALLOY STEELS 
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WISSCO METAL CONVEYOR BELTS 
ARE BEING USED IN: 


Annealing Ovens Decorating Glass 

Baking Ovens Dehydrating Food 
Brazing Furnaces Degreasing 
Canning Frozen Foods 

Ceramic Products Hardening Furnaces 


Chemical Processing 


WISSC¢ 


A PRODUCT OF WICKWIRE SPENCER STEEL DIVISION OF 


Infra-Red Drying 


Belt Sales Office and Plant—56 Sterling St., Clinton, Mass. © 


Sales Offices—Boston * Buffalo * Chattanooga * Chicago * 


Wissco Metal Conveyor Belts embody a 


combination of advantages that mean reduced 


handling costs, uniform quality and increased 
production efficiency for you. Designed 


for use in innumerable industrial applications, 


each Wissco Belt has over fifty years of 
sound engineering experience behind it. 
Whether your processing operations require 
conveyor belts that stand up under terrific heat, 
or under the punishment of chemical or wet 
processing, Wissco woven wire belts 

offer you these cost-cutting advantages: 
Open Weave Construction— Permitting 

free air circulation. Free drainage. 

Extreme Flexibility — Be/ts wi// operate 

over small diameter pulleys, 
Adaptability — Built to withstand corrosion, 


abrasion, freezing or brazing temperatures. 


Simplicity of Design— Fusi/y made endless; 


readily repaired in case of accidental damage. 


Minimum Operating Costs—Greatest load 
carrying Capacity per unit of weight and 


low thermal capacity means fuel economy. 


If you have a conveyor belt problem, we 
will be glad to cooperate in its solution. 
Send for our illustrated booklet on types 


and applications of conveyor belts. 


METAL CONVEYOR BELTS 


THE COLORADO FUEL AND IRON CORPORATION 


Executive Office—500 Fifth Avenue, New York 18, N. Y. 
Denver * New York © Philadelphia 


Pacific Coast Subsidiary —The California Wire Cloth Corp., Oakland 6, California 
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NICHROME’V 


“heat-powers’ the largest 





continuous strip annealing 


lines in the world 











*Nichrome is manufactured only by 


Driver-Harris Company 


HARRISON, NEW JERSEY 


‘BRANCHES: Chicago, Detroit, Cleveland, los Angeles, San Francisco, Seattle 


reels 






The complete line of each of these Drever furnaces 
consists of two uncoilers for handling cold reduced 
coils; multiple seam welder; continuous strip 
cleaner; looping pit to secure accurate guiding and 
tensioning; 13 zone controlied-atmosphere anneal 
ing furnace, with cooling tower, drive bridle for 
forwarding strip; guided and controlled tensioning 
for recoiling; 2 recoilers 
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Nichrome V Strip, 1%.” wide x Vg" thick, is looped 
Qs indicated to form heating elements. 


*T.M. Reg.U.S.Pat.Of. 








Foundry Production Operations at 


HUNT-SPILLER MANUFACTURING CORPORATION 


Emphasize Economy of GAS 


EFFICIENT UTILIZATION of GAS in four mod- 
ern ovens resulted in a 50°% saving in fuel cost 
when compared with previous core-baking meth- 
ods at Hunt-Spiller's foundries. 

This pioneer South Boston producer supplies 
iron, steel, and alloy castings to manufacturers of 
locomotive, marine, and diesel power plants. The 
highest quality controls are applied to this type of 
work, and operating economies are vital factors. 

Works Manager H. E. Barber, Jr., in commenting 


AMERICAN 


420 LEXINGTON 


on the Gas-fired core-baking ovens, stated “They 
turn out cores that are uniform in quality, thereby 
reducing rejections later on in the foundry. 
Working conditions are much improved due to 
the use of a clean fuel and work-saving more than 
justifies the cost.” 

This example of the effective utilization of 
GAS in foundry productioneering is typical of the 
results to be obtained with modern Gas Equipment 
Some of the important a lvantages of GAS in 

Hunt-Spiller’s core-rooms can be 
itemized 


e Reduction in core-baking time 
e Greater uniformity of baked cores 
e Improved working conditions 


e Automatic control of baking 
temperature 


e Economy of fuel effectively utilized 


Results like these are worth investi- 
gating because you'll find modern 
Gas Equipment for every type of 
core-baking requirement. It pays 


j 


to keep an eye on development in 


Gas-fired Foundry I quipment 


Operators load one of the four 
modern Gas-fired core-baking 
ovens. 
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GAS ASSOCIATION 


AVENUE, NEW YORK 17, N.Y. 


ARE 
YOU 
GETTING 


Buy screw machine parts from Alcoa— 
the men who know the metal best 


Aleoa Aluminum screw machine parts give you strength with 
light weight, close tolerances where required, added sales 
appeal for vour product. 

Aluminum screw machine parts made by dlcoa give vou even 
more: the know-how of the organization that pioneered alumi- 
num in automatic screw machines: aluminum-trained experts 
who offer engineering, alloy choice and finish selection counsel 
—at no added cost to you, 

You get all these plus competitive prices and dependable 
delivery. 


Complete facilities Your Alcoa sales representative will be glad to give you 


under one roof complete information on our capacity, and a prompt quotation, 
Or write ALUMINUM Company or America, 2101 TH Gulf Blde.. 
Pittsburgh 19, Pennsylvania. 


|ALCOA 


ss 
PN Woke) We WU Wi nen 


INGOT - SHEET & PLATE - SHAPES, RULLED & EXTRUDED - WIRE - ROD ~ BAR ~ TUBING - PIPE - SAND, DIE & PERMANENT MOLD CASTINGS . FORGINGS . IMPACT EXTRUSIONS 
ELECTRICAL CONDUCTORS ~ SCREW MACHINE PRODUCTS ~ FABRICATED PRODUCTS ~ FASTENERS ~ FOIL + ALUMINUM PIGMENTS . MAGNESIUM PRODUCTS 
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Here's Cincher Fge © 


she NEW Design of 


EW DUTY. 
Muffle 
Furnaces 


O*o\ 


The New Type 056-PT incorporates all the revolutionary 
new features of Hevi Duty Laboratory Furnace Design. 


Two months ago, we introduced a new standard 
small size Muffle Furnace, type 051-PT, housed in 
a cylindrical shell and containing vastly improved 
features. Now we are ready with the second in the 
series, Type 056-PT, with inside measurements of 
72 x 14° x 5%". Research engineers will find it 
ideal for all general laboratory requirements such 


See your Laboratory 
Supply Dealer or 
Send for Bulletin LAB-849, LAB 


vi pUTY a5 shed 
ORATORY FURNACES MULTIPL 


as drying of precipitates, ash determinations, fu- 
sions, ignitions, heating metals and alloys, ename'- 


ing, heat treating, and experimental test work. 


Six of many important features are listed below. 
For complete specifications and details write for the 
new Bulletin LAB-849. 


ectric ¢O 


UNIT evectric ExcLusiveELY 
as, OFF 


Nu 
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Instruments and Con- 
trols operate at ap- 
proximately room 
temperature .. . there 
is no trapped heat. 


As a result of correct 
insulation design, you 
can shift rapidly to 
desired operating 
temperatures. 


Reversible and easily 
replaceable Multiple 
Units, time-tested for 
30 years, have been 
retained. 


36 steps of control 
through a Hevi Duty 
Tap-Changing Trans- 
former allow maxi- 
mum flexibility. 
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Controls are mounted 
in a recessed position 
for safety and at cor- 
rect angle for proper 
vision for operator. 


Removing rear pane! 
exposes terminal board 
Releasing front pone! 
permits contro! assembly 
to slide forward. 





Greater ease in use accompanies 


products made lighter with Dow 


coll 


the world’s lightest structural metal! 





















































S designed fo save manpower, ! 


rves your first consideration. 


It give 

t new found lightness becau 
iter than any other light metal. Hand 
vors and countl other product 
easier to sell—with mag 

m of lightness—can be 

ng strength, neiditv and 

made from magne 

nd. Gsive your produ t 

y AdVantawe of notics 

witch to magnesiun 

copy of “How Magnesiun 


lled with actual case studies of 


Write f 


Pays” 


THE DOW CHEMICAL COMPANY «+ MIDLAND, MICHIGAN 
New York © Boston © Philadeiphic * Washington © 
Detrott * Chicago * St Lovis © Houston © San Francisco 
‘* . ° los Angeles © Seattle 
Simplify Product Design— 


Dow Chemical of Canada, Limited, Toronto, Conada 
Speed Production and Assembly 
.. with Magnesium 


Lighter Products Sell— make your product Magnesium Light 
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Gray Iron for 
bottle molds must 
hove o mirror 
ime finish 


Make it with the metal 
that’s most machinable... 


Gray Iron Characteristics Machinability is one of the most important advantages of Gray 
Include: Iron. Thousands of products, from tiny instrument parts to 
massive machinery castings, attest to this fact 

Castability , ; : 
ine Because of its composition and structure, Gray Iron machines 
Rigidity easily. The graphite in the iron acts as a lubricant and aids in 
Low Notch Sensitivity short chip formation. It can be ground, honed or polished to 
Wear Resistance mirror-like finishes. It is possible to machine Gray Iron castings, 
Heat Resistance then heat-treat to harden and polish to obtain a higher degree 
Corrosion Resistance of wear resistance. 

MACHINABILITY Are you taking full advantage of the unmatched combination of 


' , ; properties found in Gray Iron .. plus its ultimate economy? 
Vibration Absorption F ; b 


Durability 
Write for free booklet, “GRAY IRON—Its Mechanical 


Wide Strength Range 
— ° and Engineering Characteristics, and Details for De- 


signing Cast Components’’. 


Make It Better with Gray Iron 


Second largest industry in the metalworking field 


GRAY IRON FOUNDERS’ SOCIETY, INC. 


NATIONAL CITY-E. 6th BLDG, CLEVELAND /4, OH/0 
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ACCOLOY 
CASTINGS 


that incorporate 


ENGINEERING DESIGN AND INGENUITY 


The above photo illustrates a special fixture designed 
for a pit-type furnace, 25” x 36”, to carburize mowing 
machine knife heads for a large farm implement 


manufacturer. 


From our engineering department came designs 
which provided maximum loading with a minimum 
of alloy weight—increased furnace production 

unobstructed gas circulation— uniform quenching 


and minimum distortion. 


Note the uniformity of sections throughout entire 
casting with special tubular lifting eyes as an integral 


part of the fixture to facilitate handling. 


Quality castings, in which sound engineering funda- 
mentals are incorporated, plus— quality control 
from pattern to finished casting and engineered 
foundry technique —offer our customers greater 


Savings in operating costs. 


, es er ay ‘ la hl ’ be 
ALLOY ENGINEERING & CASTING Co. 
ENGINEERING OFFICES illoy Casting Co. (Division) 
IN PRINCIPAL CITIES Champaign, Illinois 
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U-S:S COR-TEN use 
cuts weight 18% 
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in place of carbon steel 
cuts material cost 10.8% 








cuts | shipping ¢ cost 16% 


During the past 12 years, U-S-S Cor-Ten—the pioneer high strength steel—has earned a world- 


A 





wide reputation for r g costs by r 


4 weight in freight cars, buses, trucks and other mobile 


equipment. That's exactly what Cor-Ten was developed for, so we were not surprised. 


But here is the story of a money-saving application, far outside the transportation field, that aptly 
illustrates how stationary equipment of many kinds can be built advantageously of U-S-S Cor-Ten 
in place of carbon steel—not only to improve the product but to reduce its cost. 


EVERAL years ago the Cemline Corpora- 
tion of Cheswick, Pa., developed a hot 
water storage tank designed to prolong life even 
in those areas where water supplies are unusu- 
ally corrosive. A special hydraulic cement lin- 
ing that prevents corrosion by eliminating any 
corrosive water-to-metal contact did the trick. 
But in solving the corrosion problem the cement 
lining created another. Its substantial weight 
when added to the weight of the heavy carbon 
steel shell resulted in a unit that was unwieldy 
to handle and difficult and costly to install 


A lighter tank was definitely called for. This 
need was emphasized with every increase in 
freight rates, and as more and more tanks were 
shipped to distant markets. The question was, 
how to reduce weight and still meet high strength 
requirements. Cemline found the 
answer in U-S:S Cor-Ten 


engineers 


Due to the protective lining, interior corro- 
sion could be disregarded, so they were able to 
take full advantage of U-S-S Cor-Ten’s high 
yield point (50,000 psi and to use it in gages 
40°; lighter than the carbon steel gages pre- 
viously required. This 40° reduction in cylin- 
der weight reduced the total tank weight 18% 


These weight savings resulted in cost savings 
all along the line. Cost of the steel per cylinder 
was 10.80% less (because the weight saved more 
than offsets Cor-Ten’s slightly higher cost) 
The lighter tanks were handled with less trouble 
and less expense. And, freight charges on every 
shipment—on steel from the mill, on the tanks 


to the customer—were reduced almost 16% 


To show what this means in actual dollars 
and cents savings, take the case of the 45-gallon 
Stonesteel tank (shown at right) produced by 
the thousands for residential use. Replacing the 
carbon steel shell, .138” thick, with U-S-S Cor- 
Ten .O828” thick, reduced weight 42 Ib., cut 
steel cost 35 cents. When these tanks were 
shipped to Richmond, Va., freight charges were 
72 cents less for the lighter tanks, making 
total saving per tank of $1.07 


“U-S-S Cor-Ten,” 
line Corporation, 


costs 


says the President of Cem- 
“does more than reduce our 
Because of its stiffness it forms mort 
smoothly on our bending rolls, and fluting dif- 
ficulties formerly experienced have disappeared 
In welding, too, Cor-Ten behaves better than 
straight carbon steel. It does not seem to burn 
away so readily under the arc and thus makes 
welding easier and faster. We know our custo 
mers have less trouble and less expense han 
dling these lighter Cor-Ten tanks. And because 
Cor-Ten has from 4 to 6 times greater atmos- 
pheric corrosion resistance we have every reason 
to believe that Stonesteel tanks made of I 
Cor-Ten are much less likely to rust when ex 
posed to external condensation, when 

leaky fittings drip or when the en- 

ameled surface 1s damaged in ship 

ping or installation. That’s why, for 

all our tanks, except where codes re 

quire flange steel construction, we’ 
standardized on U-S‘S Cor-Ten 


AMERICAN STEEL & WIRE COMPANY, GENERAL OFFICES: CLEVELAND, OHIO 
CARNEGIE-ILLINOIS STEEL CORPORATION, PITTSBURGH & CHICAGO 


COLUMBIA STEEL COMPANY, SAN FRANCISCO 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


U°S°S HIGH STRENGTH STEELS 


US'S COR-TEN + U-S:‘S MAN-TEN + 


UNITED 


NATIONAL 
TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM 


TUBE COMPANY, PITTSBURGH 


United States Steel Corporation Subsidiaries 
Room 2088 Carnegie Building, Pittsburgh 30, Pa 


Please send me a copy of booklet showing how US'S 
UNITED STATES STEEL SUPPLY COMPANY, WAREHOUSE DISTRIBUTORS, COAST TO-COAST Cor-TeNn saves money in building Stonestee!l tanks 


on me 


Name 


Position 


US'S MANGANESE-NICKEL-COPPER 


STATES 


Please have 


a High Strength Steel representative call 


a a ee 








, HEAT RESISTING 
Is MISCO fo. et rere 


IN ROLLED MILL FORMS 


Sheets Plates — Rounds @ Squares MJ Hexagons @ Flats am Angles. 
ChannelsLJ Sections “by PipeO Nuts© Welding Rod = 


Misco Annealing Hood — 50” in diameter x 51" high. Fabricated from 
Misco Metal plate, bars and castings. Carries 6700 Ib. load at 1550 F. 


MISCO Rolled Mill Forms Make use Of our big warehouse stocks of 


are Stocked in These Metals 


sccticaiersiececonam, Misco Rolled Alloys for construction of 
apcwewmctenvoow ner heat resistant equipment like this. We 
MISCO METAL—36 Nickel have over 200 items of rolled mill forms 


ae ome 330 ready for immediate shipment. For high 
20 Nickel—Type 310 quality heat resisting alloys—send your 


MISCO B23 Chromium OF ders to Misco. Telephone Lorain 7-1545. 


14 Nickel—Type 309 Keep informed on available stocks of Misco Rolled Mill Forms. Send for current lists. 


ROLLED PRODUCTS DIVISION 
Michigan Steel Casting Company 


C) (0) One of the World’s Pioneer Producers and Distributors of Heat and Corrosion Resisting Alloys 
1998 GUOIN STREET + DETROIT 7, MICHIGAN 
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Liquid carburizing, 
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3 cost. 


plus martempering 











... with first cost of equipment at least 50% less 


Unretouched macrograph of crank- 
shaft heat treated in above install- 
ation. Note uniformity of .040 inch 
case. Carburized at 1760° F. for 2 
hours; stabilized in a neutral bath at 
1450° F. for 6 minutes followed 
immediately by an isothermal 
quench in a nitrate bath at 400° F., 
air cooled and then drawn at 450° 
F. The complete heat treatment in- 
cluding a final wash is accomplished 
in slightly over 5 hours. Total 
distortion of the crankshaft is held 
within .005 inch. 


LS)y> 
£ 


> — x 
'wG o seit ” 


First to utilize the electrode type fur- 
nace for liquid carburizing, Ajax was 
also first to realize the advantages of 
combining this process with a mar- 
tempering or austempering treatment, 
Results from commercial installations 
in operation for 2 years have fully 
justified the predictions made for this 
dual process. 

Work is immersed in a liquid car- 


burizing or cyanide hardening bath, 


where the desired case is produced. It 
is then transferred to a neutral salt 
bath maintained just above the upper 
critical temperature of the case, and 
followed directly by an isothermal 
quench. Toughness is thus added to 
the core while assuring a uniform, 
hard case. The entire operation is 
carried out with one heating of the 


work 


Write for Ajax Bulletin 120 


AJAX ELECTRIC COMPANY, INC. 


910 Frankford Avenue, Philadelphia 23, Pa. 
The World's Largest Manufacturer of Electric Heat Treating Furnaces Exclusively 


In Canada; Canadian General Electric Co., Ltd., Toronto, Ont 


Associate Companies 


Ajax Metal Co., Ajax Electric Furnace Corp., 


Ajax Electrothermic Corp., Ajax Engineering Corp 





emmmamcmmmmm ELECTRIC SALT BATH FURNACES 





FOR COMPARATIVE PURPOSES 
we tebvicte below the physical of the surface ond core valves of SAE-1020, SAE-2315, 
ELOY-MOLY™ Steels Normolized or 


ee 


© crane GEARS 
and TRACK WHEELS 
have Greater Internal 
Stress Value . 


=| 
os 
m= | 
mm | > 
=m | »- 
=| 
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*The variation in tensile and yield in the third table is due to the alloyed elements 
of 2315 which is an ckel ste el. This produces a higher physi ‘ 
ed steel compare d wit h more economical alloy used in Neloy 


- NATIONAL ERIE CORPORATION . 


TOR ERIE, PENNSYLVANIA * U.S.A. 
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you can 6e SURE.. ie its 
Westinghouse 


One Package... One Responsibility 


FROM the smallest job to the largest, seven elements enter into every RF HEATING application. 


By using one supplier for all seven, you get single responsibility for: 


Westinghouse engineering assistance; TRAINING — of your employees to operate the 


equipment for the best results and highest efficiency; MAINTENANCE — preventive, to keep 


the equipment on the job; and Westinghouse emergency field service when needed! . . « « + «+ + 
Westinghouse supplies all seven elements for your application. Call your local Westinghouse 


representative for full details, or write Westinghouse Electric Corporation, P. O. Box 868, 


Pittsburgh 30, Pa. 


Westi nghouse 
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eeds ‘49ers 


S 


America 


Just a hundred years ago, 
theForty-niners stormed the gold fields 
of California. They faced staggering 
obstacles, sure hardship, uncertain re- 
ward. Thousands failed, thousands of 
others realized modest gain, a few 
made fortunes. None sought or re- 
ceived help or direction froma benev- 
olent government. 

Now a century later, America faces 
another age of golden opportunity --an 


era when science and industry reveal 
new treasure to be had for the making. 
Turning today’s visions into reality 
calls for '49ers--men of purpose and 
resolution, courage and independent 
spirit. You asa leaderin your commu- 
nity may find a personal challenge 
and an inspiration in the Old ‘49er. 
By example and precept, you can help 
America toward her greatest accom- 
plishments--in prosperity and peace. 


The Youngstown Sheet and Tube Company 
General Offices -- Youngstown 1, Ohio 
Export Offices--500 Fifth Avenue, New York 


MANUFACTURERS OF CARBON, ALLOY AND YOLOY STEELS 


ELECTROLYTIC TIN PLATE - COKE TIN PLATE - WIRE - COLD FINISHED CARBON AND ALLOY BARS - PIPE AND 


TUBULAR PRODUCTS - CONDUIT - RODS - SHEETS -~- PLATES - BARS ¢« RAILROAD TRACK SPIKES. 
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ROTOBLAST* Cleans 
Castings 24 Times Faster 


for Oil Well Supply Co. of Dallas, Texas 






os 


HERE IS THE PROOF! [mn 1948, the Oil Well Supply Co. of Dallas, Texas, install- 
FAMOUS PANGBORN ROTOBLAST is designed ed this 21 cubic foot Pangborn RotTosB.ast Barrel to replace five conventional 
to clean most effectively at lowest cost tumbling mills at its Imperial Works in Oil City, Pa. The results are 
per hour of operation. It directs all the abra ‘ 
sive on a given target with highest velocity 
for a given peripheral speed . . . cleans faster, in 15 to 20 minutes, as compared to 6 to 8 hours with the older equip- 
better, cheaper. 


amazing! The RotTosBiastT Barrel cleans two tons of medium size castings 


ment. That’s 24 times faster or a saving of 95.8°; on cleaning time alone! 
CLEANS FASTER because it throws a greater A year’s operation showed additional savings . . . fewer hours expended 
volume ~ abrasive, covers a larger area with because ROTOBLAST cleans entire normal foundry output of small and 
greater density 


CLEANS BETTER because it produces a finer 
finish than possible with old-style meth« 


medium castings in five hours... castings with hard-to-reach pockets 

ire completely cleaned . .. machining is easier and cheaper because 

ROTOBLAST removes all sand and scale ... abrasive costs are lower 

CLEANS CHEAPER because it requires less because abrasive recovery unit reclaims all usable shot! 

horsepower to propel abrasive with velocity and . 

quantity equal to any other method . . . uses FIND OUT ABOUT YOUR PLANT! No matter what kind of castings you turn 

less ower... Minimizes maintenance. . a 1 , , 

elimis r compressor investments. out, whether you operate a specialty or jobbing foundry, there’s a Pangborn 
. . RoToBLast Table, Barrel, or Table-Room designed to br you amazing 

right Pangborn Machine equipped with ao: Hine thtet ’ > , et 1 ie 

Racensaat eiees tom Mint deeninn etitenes gs liket Bulletin 214 gives all the facts, us y coupon to get your 

Look to Pangborn for the latest develop free copy. Address: PANGBORN 

ments in Blast Cleaning and Dust Con- CORPORATION, 1404 P. 


trol Equipment! 
, Boulevard, Hagerst« 


_— — .. 
| _— 
— 
-— — 
_ 
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PANGBORN 





i CORPORA Tin 
MORE THAN 25,000 PANGBORN MACHINES SERVING INDUSTRY | ee — 
' 8erstown, Mar , I" 
Please « nate : - — 
end me 4 free co 
PY of Bulk tin 214 
@ | rr : “a ‘ - 
| . Address 
— sow k of F 3° és ~~ 


BLAST CLEANS CHEAPER 





with the right equipment for every job 





Employing only one measuring sys- 
tem, the new Foxboro Multi-Record 
Dynalog gives up to 6 clean-cut rec- 
ords in as many different colors on 
one convenient round chart. The in- 
genious, foolproof switching arrange- 
ment provides recordings in sequence 
every 6 seconds—so close that the 
record of each measurement appears 
as a continuous line. The record 
colors positively will not run together. 


Like all Dynalog Electronic Instru- 
ments, balancing from any measure- 
ment point is entirely stepless and 
continuous. Its combination of accu- 
racy, speed and sensitivity is 
unequalled. 

The Multi-Record Dynalog is avail- 
able for measuring several tempera- 
tures or other process variables. Send 
for Bulletin 428. The Foxboro 
Company, 52 Neponset Avenue, 
Foxboro, Mass., U.S. A. 


UNIQUE ADVANTAGES! 

1. Round Chart simplifies operations. You can 
check records faster, easier and better on the 
familiar, compact round chart of the new MulTti- 
Record Dynalog. No yards of paper to insert, 
remove and spread out. Practically continuous 
lines to follow. Up to 6 distinct colors. Charts 
occupy less space cost less to use 

2. Round Chart standardizes operations. You 
can order, stock and use the identical form of 
chart as used on other types of process 
instruments. 


a. Multi-Record Dynalog saves space. 


* Reg. U.S. Pat. Off 





Anotter FOXBORO AIRET 
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Tough is the word for Omega. It thrives on cold- 
battering jobs where you've got to have a tool steel 
with super shock-resistance. And Omega has a nor- 
mal working hardness of 55 to 59 Rockwell C at 
cutting edges; that’s hard enough to hold a sharp 
edge on even the severest kind of shock jobs. 


Use Omega for tools like these: 
Core breakers 
Shear blades 


Beading tools 
Swaging dies 


Chipping chisels 
Calking tools 
Punches 

Rivet busters 


Long a toolmakers’ favorite for general-purpose shock 
tools and machinery parts, this fine silico-manganese 
steel combines ductility, toughness and hardness. 
There's no better steel for withstanding drastic shocks 
at normal temperature. It’s economical; and it's easy 
to forge, machine, and heat-treat. Give Omega a 
trial, as rough as you like. The nearest Bethlehem 
tool steel distributor stocks it for quick delivery. 


THESE PROPERTIES MEAN SHOCK -RESISTANCE 


Unnotched Charpy 
Tensile strength 340,000 psi max 
Yield point 280,000 psi max 
Hardening, 1625 F, oil quench; 1550 F, water quench 
Tempering 400 to 650 F, Rockwell C 59-55 


Cc Mn Si Mo V 
0.60 0.70 


130 foot pounds 


Analysis m..4 
185 0.50 0.25 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA 
On the Pacific Coast Bethlehem 


products are sold by 
Bethlehem Pacific Coast Steel Corporation 


Export Distributor 
Bethlehem Steel Export Corporation 





Here’s what they’re doing 
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technique for 
welding chrome pipe 


Using General Electric welding electrodes 
the Houston Pipe & Steel Co. has success- 
fully used a new procedure for welding 4-6 
chrome pipe without the usual time-con- 
suming subsequent annealing procedure. 

According to their Chief Engineer, here's 
how they do it: The joint is first brought 
up to a 600-800 F temperature using a large 
preheating tip with oxy-acetylene, and held 
at that temperature during welding. The 
welds are then made using G-E Type W-1502 
stainless electrodes. Immediately after 
completing the joint, its temperature is 
raised to 1200-1350 F, it is wrapped in as- 
bestos tape, and then cooled to room 
temperature. 

Contrary to popular belief, the weld 
metal does not become brittle. Certified 
laboratory tests indicate very desirable re- 
sults, including ultimate tensile strength 
of 73,200 psi, satisfactory 180 degree root 
bend, Brinnell hardness in the weld of 248 
and in the pipe of 174. 


“We used this procedure throughout the pro- 
duction of the chrome pipe,” states the Chief 
Engineer, ‘‘and the lot was completed satisfac- 
torily, quickly, and inexpensively.” 


YOU CAN PUT YOUR CONFIDENCE IN... 


GENERAL (6) ELECTRIC 
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with G-E Stainless Electrodes 


@ We've made that old bugaboo, 
the vertical-down weld, say 
“Uncle!” with a new coating for- 
mula on G-E 1000 series stainless 
electrodes in the !.” and smaller 

sizes. (The 1000 series have a lime- 

type coating for reverse-polarity d-c welding; 
there are 16 standard types for welding vari- 
ous analyses of stainless.) Other analyses may 
be obtained with the new coating composition 
upon request. 

Already endowed with excellent usability 
characteristics in the vertical and overhead 
position as well as the horizontal, their new 
coating makes them particularly well suited 
for the ordinarily troublesome vertical-down 
welding. 

G-E stainless steel electrodes are regularly 
demonstrating their versatility and ability 
to help solve difficult welding problems. Why 
not investigate them; your General Electric 
Arc-welding Distributor carries a complete 
stock, also including eleven types in the 2000 
series with a titania-type coating for use on 
either a-c or d-c. 


FOR OTHER WELDING JOBS there are 
some 40-odd additional types of G-E elec- 
trodes including a most complete line of low- 
hydrogen types, cast-iron, hard-surfacing, and 
phosphor-bronze electrodes, as well as mild- 
steel and general-purpose rod for manual or 
machine welding. Mail the coupon now for a 
copy of the handy, pocket-sized G-E electrode 
catalog: 


ARC WELDERS - ELECTRODES 
ACCESSORIES - RENEWAL PARTS 
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Stainless steel vertical-down @ ~ 
let made with new GE W-1310.. 
electrode; note the smooth, Ral, 
appecrance. (And if you think 


appearances may be deceiving, | 
may we suggest the proof of the . 


electrode is in the welding, How . 
about giving them a try), 


Dept. G712-1, Apparatus Department 
General Electric Co., Schenectady 5, N.Y. 


Send me bulletin GES-3571, pocket-sized electrode catalog. 
Nome 
Company 
Address 


City 
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The testing device 
of a 


PRODUCT IMPROVEMENT 


The Automotive Industry uses the SR-4 
to check stresses and strains in vital 
parts, eliminate weaknesses, improve 
the product. 





STRUCTURAL STRESS ANALYSIS 


Engineering organizations check the- 
oretical stress distribution against ac- 
tual patterns, to verify design practice. 





MACHINE REDESIGN 


Equipment manufacturers use the SR-4 
to isolate the cause of puzzling 
breakages and to point the way to 
@ correct solution. 





thousand uses 


AIRCRAFT LIGHTENING 


The Aircraft Industry uses the SR-4 to 
plot the complex flow of stresses in 
aircraft wings during flight, “balance’’ 
the design. 





S 


WN | J 
Sot 
MASONRY STRESS DETERMINATION 


The heavy construction industry is 
learning valuable new facts on how 
masonry withstands loading . . . with 
the SR-4,. 





eT TT 


MAKING BALLISTICS STUDIES 


The flow of stress in a gun barrel as 
the bullet passed through was once 
a matter of theory... but a matter of 
accurate knowledge now, because 
of the SR-4. 





BALDWIN @,7)* STRAIN GAGE 


It's hard to believe—yet this one little testing device, no larger 
than a postage stamp, has done more to broaden engineering 
knowledge through product analysis than all other testing 
equipment combined: 

It has provided—for the first time—an accurate picture of 
actual stress distribution in such structural, equipment and 


machine parts as an airplane wing in flight . . . the interior of 
a mammoth masonry dam . the barrel of a cannon when 
the shell flashes from breech to muzzle . . . the frame of a 
punch press . . . the connecting rods of diesel engines during 
operation. In every instance, the new knowledge it revealed 
has permitted engineers to better the design job. 

The long list of successful uses does not define the ultimate 
applications of the Baldwin SR-4 strain gage, but merely 
indicates its almost limitless possibilities. If you have any 
problem where unexplainable failures of parts are puzzling 
you . where some equipment must be lightened while 
retaining balanced strength . where a complete report of 
actual stress distribution in a structure will aid you in design 

the Baldwin SR-4 can undoubtedly help you, as it has 
helped many others. 


TESTING HEADQUARTERS 


A comprehensive line of indicating, 
recording and switching instruments and 
equipment is available for both labora- 
tory and field studies. The units illustrated 
include an SR-4 Strain Recorder Chart, 
and SR-4 Portable Strain Indicator, and 
an SR-4 Switching Unit, with which 48 
strain gages can be switched in and out 
of service in as little as 50 seconds. 
These are only a few of many. 


ASK FOR LITERATURE. Informative 
Technical Bulletins give a concise technical description of the 
SR-4 and collateral equipment. Ask for copies, indicating the 
type of testing in which you are interested 
The Baldwin Locomotive Works, Philadelphia 42, Pa., U. S. A 
Offices: Boston, Chicago, Cleveland, Houston, New York, Phila- 
delphia, Pittsburgh, San Francisco, Seattle, St. Louis, Washington 
In Canada: Peacock Brothers, Led., Montreal, Quebec 


BALD 


*T. M. Reg. U. S. Pat. Off 
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This remarkable instrument steps up production 
for Michigan non-ferrous foundry 


NE of the largest producers of 
O propellers for outboard and in- 
board motors had trouble in the 
foundry with porous castings. 

A Cities Service combustion spe- 
cialist was called in for consultation. 
With the aid of the Cities Service 
Industrial Heat Prover instrument 
he soon found that the trouble was 





due to the presence of excess air in 
the furnace gases and offered sug- 
gestions to correct the situation. 
Result: Scrap loss was reduced from 
4100 to 471 Ibs. and affected a sav- 
ing of $2359. 

Countless cases of similar results 
are now on file. If your operation 
includes industrial furnaces and 
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Cities Service Industrial Heat Prover 
analyzes exhaust gases quickly and 
ecevrately. Indicates either improper 
percentage of air or excess combus- 
tibles in the furnace gases. 


heat treating units of any size or 
type, you too can profit from such 
service. Write today for a free 
demonstration. 


FREE! A fact-filled booklet entitled ‘‘Com- 
bustion Control for Industry’ is available 
upon request. Write Cities Service Oil Com 
pany, Sixty Wall Tower, Room 464, New 


York City 5, N.Y. 


CITIES ® SERVICE —— 





Johns-Manville 


.-. sets a new high of 3000 F 


for insulating fire brick service 


@ Here is a new insulating fire 

brick, especially developed by 

the Johns-Manville Research 

Laboratory for use in forge fur- 

naces, ceramic kilns, chemical 

process furnaces and other types 
of high-temperature equipment operating above 
the previous range of insulating fire brick. 


Some of the more outstanding advantages of 
JM-3000 Insulating Fire Brick are: It is the highest 
temperature insulating fire brick made for backup 
or exposed use, effectively withstanding the full 
3000 F. Its efficiency remains at a high level 
throughout the life of the brick. It has exceptional 
service advantages in many operations at lower 
temperatures where regular or special fire brick 
is ordinarily used. 


Johns-Manville 





With its combination of outstanding insulating 
and refractory properties, JM-3000 Insulating 
Fire Brick has been found to provide longer life, 
greater fuel economy and important savings in 
downtime. For further information, write to 
Johns-Manville, Box 290, New York 16, N. Y. 


PHYSICAL AND THERMAL PROPERTIES 
Molded from high quality kaolin clays plus alumina 
Density —63-67 Ib per cu ft 
Modulus of rupture—200 Ib per sq in. 

Linear shrinkage—(24 hr Panel test “ 3000 F) .8 per cent 
Linear thermal expansion to 2000 F—.5 to .6 per cent 
Pyrometric cone equiv.—Cone 37+ (3308 F+) 
Temperature limit— 3000 F 

Conductivity (Btu in. per sq ft per F per hr at mean temp) 
F 500 1000 1500 2000 
Btu 3.10 3.20 3.35 3.60 


Stes tut 


INSULATIONS 
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wHere 91 EEL secomes a MAGIC METAL 


Right here in the ladle, the Wisconsin 


Sulfite Process makes steel of standard 
specifications a metal of magic machin- 
ability. Sodium sulphite is mixed with 
the molten steel, ‘‘washing”’ non-metal- 
lic, abrasive inclusions from the metal. 
Here is the result ...a steel product 
far more machinable with a minimum 


effect upon physical properties. 

If you have machining problems, it’s 
time to consider Wisconsin Sulfite- 
Treated Steels. In dozens of applica- 
tions, this “‘magic metal” has “pulled 
rabbits out of a hat”’ greatly increasing 
production and tool life and producing 
a superior machined surface. 


WISCONSIN STEEL COMPANY, Affiliate of 
INTERNATIONAL HARVESTER COMPANY 


180 North Michigan Avenue ® Chicago 1, illinois 


WISCONSIN STEEL 
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Looking For An Answer to Heat-Treat 


CONVEYOR TROUBLES? 


If you're bothered by these conveyor troubles: 


@ Jumping the sprockets 

@ Pins “crank-shafting” 

@ Frequent replacement of defective links 
@ High maintenance cost 


... you'll find such troubles can usually be 
traced to improper engineering or inspection 
of the original conveyor parts. 

For example, if dimensions on individual 
castings are not accurate, the driving drum or 
sprocket will exert an unequal pull on each 
line of links. This causes stretching. Pins often 
“crank-shaft’’. . . causing belt to “ride” on 
top of driving drum lugs, instead of engaging 
properly. This results in fracture of individual 
links and increased maintenance costs. 


The cure for such troubles rests on careful 





| AMERICAN 


| | Brake Shoe_ 





engineering and production. Individual cast- 
ings must be identical in length—so the belt 
will engage properly with driving drum, and 
no one link will be overstressed. Good design 
also provides close spacing between links for 
carrying small parts...and allows sufficient 
clearance to eliminate excessive wear. 

Electro-Alloys has made a specialty of the 
precision engineering and production tech- 
niques required to produce conveyor belts of 
outstanding quality. We can show you proof 
that THERMALLOY high alloy conveyor 
parts give longer life, cut downtime and 
maintenance costs. 

Call your nearest Electro-Alloys engineer. 
Or write Electro-Alloys Division, 1975 Taylor 
Street, Elyria, Ohio. 


THERMALLOY resists temperatures up to 2200 F. 


Reg. U.S. Pat. Off 


ELECTRO-ALLOYS DIVISION 


ELYRIA, OHIO 
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An example of chaetomium globosum (cellulose destroying mold) magnified 76 times 


There’s no money in growing mold! 





Mold and bacterial action can play havoc are available in both oil and water types 
in any shop. Machine down-time goes up —ideally suited for industrial use. 

— production goes down— because these 
microorganisms cause lubricants and cool- 
ants to go ‘“‘sour.”’ 


Don't let your profits go “‘sour’’—keep the 
bugs out! Extensive Dow laboratory 
facilities are devoted to assisting you with 
The Dowicides control such losses- your problems. Contact the sales office 
reduce waste to a minimum. They nearest you. 

increase the service life of cutting, grind- THE DOW CHEMICAL COMPANY « MIDLAND, MICHIGAN 
ing, rolling and hydraulic soluble oil New York © Boston © Philedeiphie ¢ Washington 
emulsions. These tested materials devel- = Cleveland _¢ Detroit ¢ Chicago * St. Louis ¢ Houston 
oped by The Dow Chemical Company, cobarinanae Laaien Geant 


Dow Chemical of Canada, Limited, Toronto, Canada 


ced <~ 
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Incinerator Arch and Floor, quickly installed 
with Castables. No cutting, fitting, or ram- 
ming. Upkeep costs are low. 


Heat-treating Furnace built with Castable Re- 
fractories. Cuts heat loss ... prevents infil 
tration of outside air. Givesdurable service life 


We 
ie 





c ber of Gas-fired Heating Fur- 
nace. Each section of Arch is cast in one piece 
with Refractory Concrete. No mortar joints. 
Side walls and floor cast solid. 


ns ® 
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* FURNACE WALLS, 


* ARCHES, HEARTHS, 


* DOOR LININGS, 
* SPECIAL SHAPES 


Quickly adaptable to any size, shape or thickness—-Castable Re- 
fractories are invaluable first-aid for emergency repairs. Rapid hard- 
ening Castables are ready for service in 24 hours or less. 

They’re easy to use, too. Add water to the packaged mixture, cast 
it in a simple form or mold. Large jointless sections are as easy to 
cast as small special shapes. No cutting or fitting. 

For walls, arches, hearths, you get a one-piece refractory that re- 
duces heat loss, prevents infiltration of outside air. No shrinkage to 
bother about. High spalling resistance. Low upkeep. 

You’re sure of fast, adaptable construction and long, durable service 
when you specify a Castable Refractory made with LUMNITE 
cement. You get a balanced, tailor-made refractory that results from 
the blending of selected materials. You get suitable refractory aggre- 
gates with cold-setting, high strength binder, LUMNITE. 

Castables to meet different temperature and insulation require- 
ments are made by manufacturers of refractories and sold by their 
distributors. For further information, write to LUMNITE DIVISION, 
Universal Atlas Cement Co. (United States Steel Corporation Sub- 
sidiary), Chrysler Building, New York 17, N. Y. 


Specify CASTABLE REFRACTORIES 
made with LUMNITE 


rox REFRACTORY CONCRETE 


re 














NBC SUMMER SYMPHONY CONCERTS—Sponsored by lL’. S. Steel Subsidiaries—Sunday Fvenings—J]une to September 
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Dry-pack containers and closures . . . cans, 
canisters and caps ... if you make them of 
Weirite electrolytic tin plate, you can make 
them high in quality, low in cost. You'll find you 
can depend on Weirite for correct ductility, 
uniform thickness of coating, and accurate 
gauge. It’s obtainable in sheets, and in coils of 
any desired length in widths up to 33 inches. 


aa 
WeinToM 
=) WEIRTON STEEL COMPANY 


WEIRTON, w. VA., Sales Offices in Principal Cities 
Division of NWATIONAL STEEL CORPORATION, Executive Offices, Pittsburgh, Pennsylvania 





METALLURGICAL 
LABORATORY 


EQUIPMENT 


.. provides the metallurgist with the most 
complete line of modern designed precision 
machines for specimen mounting and prepara- 
tion available anywhere in the world. This 
finely made equipment has been developed 
through a thorough understanding of the 
requirements of the metallurgist and a rigid 

insistance on perfection in the mechanical design 
and construction of each item. 


. ve ing -ede P vic? sting 
Operator using the new Model No. 1506 low speed pol Every thing needed for metallurgical testing from 
isher. Section of laboratory equipped with No. 1251 Duo cut-off machines, moulding presses, and grinde rs to 
Belt Sander—No. 1700 Electro Polisher—No. 1315 Press the mechanical or electrolytic polishers is included 
in the Buehler line. 


In setting up complete laboratories or adding 


THE BUEHLER LINE OF SPECIMEN PREPARATION EQUIPMENT items to present equipment the metallurgists will 
INCLUDES... CUT-OFF MACHINES @ SPECIMEN . . > 
MOUNT PRESSES @ POWER GRINDERS e@ EMERY find in the Buehler line of coordinated equipment 
PAPER GRINDERS @ HANDGRINDERS e@ BELT ‘ve ing de y ing » - \ 
SURFACERS @ MECHANICAL AND oh ecient) on ne everything needed for producing the best work, 
ERS @ POLISHING CLOTHS @ POLISHING ABRASIVES with speed and accuracy. 


Write for bulletin of new equipment or infor- 
mation on any specific item. We invite correspond 


ence relative to setting up complete laboratories 
suitable for any particular requirement 
Exclusive U. S$. agents for Amsler and Chevenard Testing Machines 
+ 
PaRTMER SHEP 


METALLURGICAL APPARATUS 
165 WEST WACKER DRIVE, CHICAGO 1, ILL. 
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\_/ HESE Before and After pictures 

show the results you can obtain by using 
Enthone Acid Addition Agent. The health 
of the worker is safeguarded. corrosion on 
surrounding buildings and finished steel 

is reduced, and an acid drag-out sav- 


ing of twenty percent is obtained. 
yee; Fae 


aes vo al Send for this informative bulletin 
giving step-by-step details for better pickling 
OTHER AIDS FOR BETTER PICKLING 
Inhibitor 7 C 1 low-priced. complete inhibitor for hvdrochl 
Inhibitor 9 a nev 
hydrofluoric or « 
inhibitor that 1s free 


the metals br 


ENTHONE nv. 


| 442 ELM STREET, NEW HAVEN, CONNECTICUT 
all 
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Not a flake, not a break can be found 
after this important part of a fertilizer 
can is drawn 21” blank of 
Armco Zinccrip sheet steel. 
The container 13-1/4” 
deep. Yet Armco 
isked of it. In two 


from a 


“ ide. 


9.9 16” INCGRIP 


does evervthit 
draws. the specially applied zine coat- 


i stretches perfectly vith the steel 


hase. The top is stan ped out and the 


head is formed in a third operation. 


This s-t-r-e-t-e-h 


r characteristic 


of the special coating on Armco 











ZINCGRIP assures complete rust. pro- 


tection for sharp bends as well as flat 


parts of fabricated products ind 
full-weight 


equipment. The coating 
severe a dra is the 


takes as 
| or flaking. 


metal without peelin 


base 


LONGER LIFE, TOO! 


Another advantage of 
Armco ZINCGRIP is its extra corrosion 
resistance Actual field tests show the 
on ZINCGRIP has 15%? to 45‘. 


vreatet! atmospheri¢ corrosion resist- 


Important 


coatit 
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ance than equal-weight coatings on 
Phese eX- 


iW d istrial 


recular gulvanized sheets 
posure tests were made it 
and marine 


And 


has 1 


itmosphe res 
Arm 0 ZINC - 


record of more 


remember this 
GRU 
years in proved SETV ICE 

information on this 
special purpose Armco steel by 
ing fora fully-illustrated booklet. Just 
isk for the Armco ZINCCRIP 
log. Armco Steel Corporation 09 


Middle town, Ohio. 


(,et comple te 
writ- 


cala- 


Curtis Street 








“No corrosion and pitting 
on highly polished nickel 


alloy cast iron rolls— 


“All our dryers, both for foreign and domestic 
shipment, are treated with Gulf products to in- 
sure protection against corrosion,” says this Erec- 
tion Superintendent. “Some of our foreign cus- 
tomers have complained about competitors’ rolls 
arriving in a rusted and pitted condition. Our 
erectors in the field report that all of our ship- 
ments have arrived in perfect condition, thanks 
to Gulf Rust Preventives.” 

Here is the procedure this manufacturer fol- 
lows, as recommended by the Gulf Lubrication 
Engineer: 

1. Thoroughly clean entire surface with Gulf 
Stoddard Solvent, an effective, safe cleaning 





agent. 

2. Apply Gulf No-Rust C (Polar Type), which 
displaces residual moisture on metal surfaces; 

3. Coat with Gulf No-Rust No. 3. This rust 








fugust, 1949; 





we use 


says this Superintendent 


The Erection Superintendent (center) of this progres- 
sive paper equipment manufacturing plant consults 
with a Gulf Lubrication Engineer (left) on rust pre- 
vention for dryer roll surfaces. 


preventive leaves a tough film which furnishes 
excellent protection against corrosion during 
overseas shipment. 
For expert help on your corrosion problems, 
i 
call in a Gulf Lubrication Engineer today. Write, 
wire, or phone your nearest Gulf office. 


Gulf Oil Corporation - Gulf Refining Company 
Boston - New York.” Piledeiphia = pitburgh ° 
New Orleans + Houston - 


Atlanta 
Lovisville - Toledo 


Wri riaie 
LUBRICATION 
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For Efficiency and Economy in Non-ferrous Melting 


NORTON REFRACTORY CEMENTS are 
made in a variety of stable, highly refrac- 
tory mixtures of high heat conductivity. 
MAGNORITE* Cements for lining high fre- 
quency furnaces melting nickel-chromium 
alloys; CRYSTOLON* Cements for ram- 
ming into reverberatory and pit furnaces 
melting aluminum, copper and zinc; 
ALUNDUM* Cements for burner posts in 
gas or oil fired billet heating and heat 
treating furnaces; MAGNORITE* Cements 
for low frequency vertical ring induction 
furnaces melting high copper alloys and 
cupro-nickel, nickel-silver and cadmium- 
bronze alloys. 


*Trade-marks Reg. U. S. Pat. Off. 








WNORTON} NORTON COMPANY °* Worcester 6, Mass. 


REFRACTORIES 
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Because SILMAN absorbs heavy shocks without 
bending or breaking, stoutly resisting abrasion 
and fatigue, it is widely used for cutting and 
impact tools where punishment is severe. And 
because SILMAN resists grain growth during 


brazing and comes up with the right hardness, 


Other first quality it is the No. 1 shank steel in service today 

at Available in hot rolled or cold drawn finish and 
shock-resisting and in drill rod. May we have your requirements? 
special purpose steels 


= Vanadium-Alloys 


CROMAN STEEL COMPANY 
NIKRO M LATROBE, PENNA. 
SPEED-CUT 











You don’t have 

to shop around... 
Allegheny Stainless 

is available 


in every form 


bt ZL vo you may need 








S : 
aoe 


AX Sy 45 


"aN RE 











Ww" ATEVER you want, it’s 
available in Allegheny Metal 
—from the finest of wire to heavy 
plates. castings and forgings. in- 
cluding sheets, strip, bars. shapes. 
tubes—everyvthing! 

That's not only handy. but ad- 
vVantageous: one reliable source. 


one undivided responsibility. one 


we're steadily improving supply 
facilities—you can get Allegheny 
Metal promptly in any grade, form 
or finish. 

When you're in the market, heep 
it in mind to specify Allegheny 
Metal. the pioneer stainless steel. 
And remember, wherever you use 


it. Allegheny Metal looks better. 


well-known standard of quality lasts longer, works out to be cheap- 


and uniformity. Furthermore, est in the long run. 


Complete technical and fabricating data—engineering help, too—yours for the asking. 


~ ALLEGHENY LUDLUM STEEL CORPORATION ; 
Wit Wations loading Poducer of 


Pittsburgh, Penna. . . . Offices in Principal Cities 
Allegheny Metal is stocked by all Jos. T. Ryerson & Son, Inc., Warehouses 


Vetal Progress; Page 171 





Qualit, Corti? in the foundry 
a job for PYROLANCE! 


Quick, accurate temperature readings of molten metal are reason 
enough why so many non-ferrous foundry operators depend on the 
Alnor Pyrolance! The protected thermocouple, with adjustable angle 
head, is mounted in the lance tip—takes temperatures below the 
surface, unaffected by dross or other conditions. And the rugged 
pyrometer movement gives accurate readings—-quickly, of course. 
A well-balanced, easily handled instrument you'll like from the first 
time you try it. 


ILLINOIS TESTING LABORATORIES, INC., Chicago 10, Illinois 





Iinois Testing Laboratories, Inc. 
Rm. 523, 420 N. LaSalle Street, Chicago 10, Illinois 
( ) Send me a copy of Bulletin 1724-D 


Name 
Company Name 
Address 


City 
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TURN OFF HIGH MACHINING COSTS... 


with Free-Machining 


Stainless Steel 


ge 


The uniformly high machinability of Free- 
Machining ENDURO Stainless Steel does 
it for you... fast. Yet, that is only one of 
many qualities which enable you to keep 
product cost down and product quality up. 


In these acid valve parts, for example, close 
tolerances, accuracy of section, uniform 
soundness and fine surface finish, resulting 
from the advanced Union Drawn process of 
cold drawing, all contribute toward produc- 
tion economy. And ENDURO’s unsurpassed 
corrosion-resistance affords pre-determined 
assurance of trouble-free valve life, despite 
rigorous, corrosive operating conditions, 


Whenever stainless steel enters your ma- 
chined parts picture, remember that it 
pays to specify Free-Machining ENDURO 
Cold Finished Bars. They, as well as hot 
rolled bars and wire, are available for 
immediate delivery. Write today for specific 
information and prices. 


REPUBLIC STEEL CORPORATION 
Alloy Steel Division « Massillon, Ohio 
GENERAL OFFICES * CLEVELAND 1, OHIO 
Export Department: Chrysler Bldg., New York 17, New York 


YOU, TOO, CAN BE | Reoublic BNDOURO 


AN EXPERT ON “PROFITS” 
Wouldn't you like to have clear, concise F 2 ' E = La! a a H I N i N G 


answers to the many questions you may be 


asked on this all-important subject? We 
have them for you —in an interesting, 
colorful booklet written by Phelps Adams 





of The New York Sun. Write us for a copy \ 





Other Republic Products include Carbon and Alloy Steels—Pipe, Sheets, Strip, Plates, Bars, Wire, Pig lion, Bolts and Nuts, Tubing 
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LITTLE JOB= 


BIG SAVINGS _ 


Sg 


with EASY-FLO 


Here’s evidence that you can get important savings in production costs on little 
metal joining jobs as well as big, by low-temperature brazing with the silver 
alloy EASY-FLO. The job is fastening the threaded spud for the drain plug to the 
oil pan of a popular make automobile. And here’s the ‘deadly parallel” of before 
and after EASY-FLO results. 





REFORE 


EASY-FLO is reapy to cut your costs 


The 59% cost reduction on the spud job above, is just average for what a change 
to EASY-FLO brazing has done for thousands of manufacturers on thousands of 
metal joining jobs, large and small. EASY-FLO is ready to do as much for you 
We'll be glad to send a field engineer to help you determine exactly where 
on your work. For EASY-FLO details, write for BULLETINS 12-A and 15. 


“WANDY & 


9, 


82 FULTON STREET * NEW YORK 7, N. Y. 


Bridgeport, Conn. « Chicago, lil. + Los Angeles, Cal « Providence, R.!. + Toronto, Canada 
Agents in Principal Cities 
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Gele.if Prcsure of « 
LIFE-SAVER FOR THIS MAN 


The squeeze is on....In case you are not feeling 
the increasing pressure between production costs on 
one side and competitive selling prices on the other, 
well, may the happy days continue! 


But if, like most of the rest of us, you are vigorously 
probing for soft spots in the “production-cost” jaw of 
the vise we can help you. The annealing basket, pic- 
tured above, is an example. These specially designed 


units cut our customer's 

cost of treating a volume 

of small parts in four ways. 

First, due to their removable sides and trays, one and 
some times more complete-handlings of the parts were 
eliminated. Second, weighing 2/3 less than cast con- 
tainers, the baskets themselves handled faster and, 
third, attained pot heat in less time. Fourth, being 
less bulky, they greatly increased furnace capacity. 


PSC Light- Weight HEAT-TREATING CONTAINERS SAVE TIME AND FUEL 


As pioneers of light-weight, sheet alloy heat-treating 
equipment, Pressed Steel Co. has designed containers 
and covers for every imaginable product. Their records 
for shorter heating cycles and lower handling and fuel 
costs have made them standard in every segment 

of the metal working industry. For example, 
PSC carburizing boxes are today used by 80% 


THE PRESSED 


The 
PRESSED STEEL 


of the nation’s heat treaters. 

PSC welded alloy heat-treating units are furnished 
in any size, design or metal specification: boxes, 
covers, baskets, racks, tubes, retorts, etc. We offer 
you a wealth of experienced engineering assis- 
tance and production know-how. Send blue 


prints or write as to your needs. 


STEEL COMPANY 


of WILKES-BARRE, 


PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Alloys 


x wt * OFFICES 


IN PRINCIPAL CITIES 
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Rigidlsy controlled and tested dur- 
ing manufacture . and produced 
from the finest lime and coke avail- 
able. “National Carbide” (meeting 
all Federal Specifications) assures 
every customer an exceptionally 
high acetylene yield per pound of 
carbide 


adherence to 


aominimum $5, eu. ft. 


high quality. plus careful 
a special packaging 
technique accounts for “National's” 
wide acceptance as the Carbide pro- 
ducing maximum acetylene produc- 
tion... at lowest operating cost. 
Also. and of vital importance to 
you. no matter where your plant Is 
located. “National Carbide” can be 
obtained in any quantity from a 


Airco offic Cc. 


dealer. or warehouse. 


nearby authorized 
For more information about this 
top-grade product. write your name 


and address on the margin below. 





Airco 


dealer for a 


and send it to vour nearest 


office or authorized 


copys of Catalog 30. 
_ 


Air Reduction supplies Oxygen. 
Acetylene and other industrial 
Carbide... 


line of gas cutting machines, gas 


ASCs... and a complete 
welding apparatus and supplies. 
plus are welders. electrodes and 
accessories. Ask us about anything 
pertaining to gas welding and cut- 
_ we'll be 


ting. and are welding 


vlad to help you. 


fugust, 1919; Page 179 





\irco’« ,00 
(double rated 
ft. per hr.) and 

pound (double rated 
1,000 cu. ft. per hr.) 
stationary 


poune 
OOO cu 


0 « 


acetylene 
ors are 
lor operating 


suitable 
types 
of welding or cutting 
torches 
Automatic 
ciple, these 


prin- 
erators 


feature he hanized 


Operating 
been reduc 
am 
sible for inspects repair 
» included as star quipment ar 
tectomotor filters 
and prevent cl 


regulators ane 


The Airco Type P 
portable actylene gen 
designed and 
constructed tor ett 


erator ts 
ciency, convenience, 
dependable and lov 
o operation and 
requires little attention 
ther than draining and 

with carbide 


hh water, Other 


ae ° 
—Ouick, easy 
charging 
—Air Lift” principle 
of waier circulation 
—Glass viewing 
window in carbide 
hopper 
—Simple and conveniently located 


-size sludge agitator and valve 
for complete and fast sludge removal. 


Made in three ive 
rated operat 
Welb 


100 « 


ft er br 


and SO-lb. size 


ill Airco generators conform 
with the specifications of Under- 
writers’ Laboratories and Factory 
Vutual. 


REDUCTION 


GiRCO) Offices in Principal Cities 








Polishing 
Laps 


12-Unit 


Specimen Holder 


AUTOMATIC or hand polishing 

mounting .. . cutting-off specimens 

_..all require the best in equipment 
and accessories. 

Precision offers you a source of sup- 
ply and an engineering staff to help 
you in solving your particular 
Metallurgical problems. From cut-off 
wheels to grind-polishing powders, a 
constancy is maintained in order that 
you may not only get the best possible 


2eCO0N 


cten hific 


SCIENTIFIC RESEARCH & PRODUCTION CONTROL APPARATUS 
3737 W. CORTLAND ST. . CHICAGO 47, ILLINOIS 
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“Precisionite” 


Precisionite”’ Polishing Powder 


Levigated Alumina 


results, but, results which can be 
duplicated! 

A copy of our Metallurgical Catalog 
will provide you with information 
which will be most helpful. Write for 
your copy today. 

7 


Sold by leading 
Laboratory Supply Dealers 


r 


1 A copy of you 
Please cop No. 8600 


Metallurgical Catalog 


Page 























The Case of the Versatile Performer 


When it comes to versatility in welding performance, 
the new McKay 24 (AWS E-6013) Electrode, de- 
veloped after intensive research and field experi- 
mentation, takes the limelight. 

McKay 24 is an ideal electrode for all-position 
production welding using either AC or DC current 
The rutile-type coating provides a smooth, stable 
well-shielded arc easy to strike and restrike. This 
electrode has a high deposition rate per electrode 
size combined with moderate arc penetration. Weld 
beads deposited are slightly convex. When solidified 
the slag is easily removed leaving clean, neat joints. 
The weld metal is sound and develops uniformly high 
mechanical properties. 


THE McKAY COMPANY 


403 McKAY BUILDING 
Pittsburgh 22, Pa. 


McKAY STAINLESS STEEL - MILD STEEI 


All these features added up mean—the new McKay 
24 Electrode deposits more pounds of weld-metal 
more efficiently at Jess cost. 


* * * 


If you are welding light gauge sheet-steel or 
using small diameter electrodes for production 
line assembly—the McKay 24 Electrode will 
provide an outstanding answer to your needs. 
Request samples of this electrode for production 
testing in your plant. Samples will be shipped 
to you immediately. 


Get the fully documented data about 


& 


‘4 (AWs E-6013) FCTROD 


Write, phone or wire today for the facts on 
these and other McKay Electrodes for welding 
all types of steel. Our Technica: Department 
will gladly work with you. 


P rr _ 
ALLUT i VINU ELELIRUDI 


Researched, Developed and Manufactured to Fill Industry's Requirements for Dependable Electrodes 
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YOU CAN DEPEND ON 


VANADIUM 


to give you grain size control, high 
performance, and ease of processing 


GRAIN SIZE is refined by the addition of 
vanadium, the balance between strength 
and toughness is improved, and greater 
uniformity is promoted between transverse 
and longitudinal properties. 


HIGH PERFORMANCE follows the use of vana- 
dium in constructional steels. In carburized 
parts, for example, the well-integrated 
bonding between case and core, inherent 
in vanadium carburizing steels, assures 
excellent shock-resisting properties and 
maximum service life. 


EASE OF PROCESSING — Uniformity of vana- 
dium steels from heat to heat, with easy 
and uniform response to thermal and me- 
chanical treatments, brings large compen- 
sation—savings far over-shadowing differ- 
ences in initial materials costs. 








Our metallurgists will be glad to assist you in the 


uae P MAKERS OF 
application of vanadium to meet your requirements. 


FERRO-ALLOYS 


CHEMICALS 
AND METALS 





VANADIUM CORPORATION OF AMERICA 


420 LEXINGTON AVENUE, NEW YORK 17, N.Y. ¢ DETROIT «© CHICAGO « CLEVELAND «© PITTSBURGH 
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Processing Industries are sold | 
on the CAPACILOG because... 


eee Engineers like the fact that all 
functional parts of this Strip Chart 
Recorder are easily accessible. One 
needs only to open the door of the 
Capacilog to be impressed by the 


simplicity of its construction. 


The instrument is completely front 
accessible. The strip chart assembly 
(1) swings out to give easy access 
to central motor drive terminals (2), 
voltage selector plug (3) and terminal 
panel (4). The electronic chassis (5), 
like the indicator are plug-in type. 
The vertical drive shaft (G) is separ- 


able by means of a unique flexible 
coupling (7). A backlash adjustment 
(8) is mounted on the Pen Carrier. 

These instrument refinements pro- 
vide the ultimate in ease of mainten- 
ance and installation. To plant men 
the Capacilog represents the simplest 
and most economical system of 
measuring, controlling and recording 
process variables. 

Whether your application is in the 
Metal, Chemical, Ceramic, Plastic or 
Laboratory Classification, there is a 
model for your purpose. 


ete | 


WHEELCO INSTRUMENTS COMPANY 


835 W. HARRISON ST., CHICAGO 7, ILL 
Please send me the Bulletin(s) 
checked below: 
C2—Strip Chart Recorder 
Z6500— Condensed Catalog 


Nome Title 
Compony 


Street 


City Stote 
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WHEELCO eorore CONIROLS 


RECORDERS ~-s 





COMBUSTION SAFEGUARDS -s 
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~ FABRICATED ALLOYS 


Here’s another case where Rolock fabricated-welded con- 
struction of a large gas furnace muffle has replaced ¢ 
previously used cast design. 


Material is i’ Inconel sheet with %" face machined flanges 
to insure gas-tight service with metal-to-metal joint. The 
work, roller bearing parts, carried on a balanced-weave 
spiral mesh belt, is hardened in a protective propane and 
cracked ammonia atmosphere at 1600 F. maximum. 


bolts and nuts. Tube shown in 

top is thermocouple well. This 

9” x 20" x 19 ft. muffle is a high 

quality product with the greatest 

internal sails ave welded on coe os ' resistance to high temperatures 
end only, the other end being * ae ; os ; and corrosive atmoapheres 

left free to expand and contract Rolock engineers welcome your 

Guide rail blocks prevent exces- 

sive lateral motion. The three- 


section construction permits 


request to solve tough problems 
in heat-treating equipment. We 


; want to demonstrate the advan- 
nominal replacement cost if one § 4 re ree Be tages of Rolock 


section (the hottest) fails after 


a long service life. Sections are 


design and col- 
struction... of fabricating and 
welding over castings. Descrip- 


assembled with special Inconel tive catalog on request. 


Offices in: PHILADELPHIA * CLEVELAND ¢ DETROIT ¢ INDIANAPOLIS * CHICAGO + ST, LOUIS ¢ LOS ANGELES « HOUSTON 


ROLOCK INC. 1220 KINGS HIGHWAY, FAIRFIELD, CONN. 


for better work 
Easier Operation, Lower Cost 
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Abstracted from “Measuring the Stresses and Plastic 
Deformations in Surface-Pressed Test Bars”, by 


Hayo Foppl, Mitteilungen des Wohler-Institute, 
No. 41, 1948, 67 P 


Electroradiography 
Abstracted from “Electroradiography and It« Appli- 


cations in Metallurgv”. by J.-J. Trillat, Rernue de 
Vetallurgie, Vol. 46, 1949, p. 79-83 


Jobs for Engineers 


Comments by John W. W. Sullivan on “Employment 
Outlook for 1 ngineers”’. bulletin of the U.S 
Department of Labor, Bureau of Labor Statis- 
tics, Washington, D. 


Strength of Alloys at High Temperature 

Abstracted from “Fundamental Principles of Alloy- 
ing of Hot Strength Metallic Alloys”, by K. A 
Osipov, Doklady Akademii Nauk 5.S.S R., Vol 
60, 1948, p. 1535-1538; “The Relation Between 
the Melting Temperature and the High-Tem- 
perature Strength of Alloys”, by K. A. Osipov, 
Doklady Akademii Nauk S.S.S.R., Vol. 61, 1948, 
p- 71-74; “Factors in the High-Temperature 
Strength of Heterogeneous Alloys”, by K. A 
Osipov, Doklady Akademii Nauk S.S.S.R., Vol 
62, 1918, P 193-495 
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If Alloys Could Talk... 


If alloys could talk 
themselves, state their hardenability, their 


could correctly identify 


mechanical properties and their best working 
temperatures—the tasks of specifying, buying 
and heat treating would be greatly simplified 
and virtually mistake-proof. 

Although we stock no talking steels, we put 
Ryerson alloys through conclusive harden- 
ability tests—literally make every heat in 
our stocks reveal every essential fact about 
itself. Then we carefully record the informa- 
tion on a Ryerson Alloy Certificate delivered 
with the steel. 

Because we make our alloys tell all, you’re 
able to specify and buy the safe way—on the 
basis of hardenability. Because we send a 


Ryerson Alloy Certificate with every ship- 


ment, your heat treaters are provided with 
the information they need to do a quick, 
accurate job. 

Large stocks of Ryerson certified alloys are 
in stock for immediate delivery. When you 
want quick shipment of any alloy requirement 


call your nearest Ryerson plant. 


PRINCIPAL PRODUCTS 
BARS—Carbon & alloy, hot 
rolled & cold finished 
STRUCTURALS—Chonnels, 
angles, beams, etc. 


TUBING—Seamless & weld- 
edmechanical & boiler tubes 


STAINLESS—Allegheny metal 
plates, sheets, bars, etc. 


PLATES—Sheored & U. M, 
Inland 4-Way Floor Plate 

SHEETS —Hot & cold rolled, 
many types & coatings 


MACHINERY & TOOLS — For metal working 


RYERSON STEEL 


Joseph T. Ryerson & Son, Inc. Plants at: New York, Boston, Philadelphia, Detroit, Cincinnati, Cleveland, 


Pittsburgh, Buffalo, Chicago, Milwaukee, St. Louis, Los Angeles, San Francisco 
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Metallurgical 


Laboratory 


at Oak Ridge 


Prosiems involved in the research and devel- 
opment of those “new” metals and alloys whose 
utilization is relatively unique to the atomic energy 
program (uranium, thorium, beryllium, zirconium, 
and others) have proved to be considerable. Not 
only are their processing and fabrication rather 
difficult, but investigation has been encumbered by 
the existence of certain radiation and chemical 
hazards involved in their handling. Accordingly, 
a modern metallurgical laboratory equipped for 
research in this field must not only provide well- 
integrated research facilities but must also provide 
for adequate protection of the working personnel. 
The recenily completed facilities of the Metallurgy 
Division of the Oak Ridge National Laboratory* 
may be considered as representative of the lab- 
oratories now being built (or planned) to cope 
with these problems. 

A few comments pertaining to the health haz- 
ards encountered in working with the metallic 
materials entering into nuclear reactor design will 
serve to orient the reader along the line of thought 
leading to the final design which has been incor- 
porated into the Oak Ridge building. Protection 
is required against two health hazards — first, those 
arising from the inhalation of dust and fumes 
which might cause chemical poisoning, and second, 
those resulting from radiation. The radiation haz- 
ards may actually be broken down into two cate- 
gories depending upon the radiation level. Some 


By L. K. Jetter 
Staff Member 
and E. E. Stansbury 
Consultant 
Metallurgy Division 
Oak Ridge National Laboratory 


materials which have been 

exposed to pile radiation may 

become extremely active and may 

be handled only by special 

remote control equipment located 

in so-called “hot” laboratories. 

Facilities for this type of work 

have not been included in the 

design of the building. Most of 

the work now contemplated will 

involve materials of low radio- 

activity; the problem of personnel 

injury then arises only if par- 

ticles become embedded in or on 

the body. It is apparent that 

major attention must be given to 

the location of equipment and 

operations which are particularly 

conducive to the formation of dust and vapors, 

and that the laboratory as a whole must be 

adequately ventilated; particular attention must 

often be given to special dust-collecting equipment. 

With these requirements in mind, it will be 

noted from the general plan, Fig. 1, that the lab- 

oratory has been designed on a departmentalized 

basis —- an arrangement which has also resulted in 

some departmentalization of personnel, as would 

be expected. In general, it was considered desirable 

to locate all operations involving unusual noise and 

vibration as distant as possible from quiet opera- 

tions or operations requiring absence of vibration 

Accordingly, melting, casting, and mechanical 

working equipment has been located in one end 

of the building along with the dust control equip- 

ment, motor generators, high-frequency converters, 

and other auxiliary equipment required for the 

operation of the building and its facilities. It 

develops that these operations are also most con- 

ducive to the formation of dust and other health 

hazards, and their segregation somewhat simplified 

the problem of personnel protection. Furthermore, 

~ *The facilities to be described were constructed 

under the administration of W. A. Johnson who was 

director of the Metallurgy Division from September 

6, 1946, to October 1, 1948. During this period Dr. 

Johnson was on loan from the Westinghouse Electric 

Corp., but has since returned to his duties with that 

firm. The present director of the Division is 
John H. Frye, Jr. 
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this arrangement simplifies the 
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of the building and its equipment. 
For example, the heavy load of 


electrical power required for the 








melting and mechanical working 





equipment is thereby localized 
The rooms in the central 





part of the building have been 














designed for various specific pul 


poses. Included are individual 





laboratories for mechanical test 





ing, creep testing, physical test- 
ing, and X-ray diffraction. This 


section also includes several 














physical-metallurgy laboratories 
for special projects, the division 
shop, and the library. The other 
end of the building is divided 





into two sections, one for metal 
lographic and the other for chem- 
ical work. The metallography 


section is completely equipped; 











Exé ymination 





the chemistry section is less 








inclusive, but it has been designed 
to handle most of the chemical 
problems of the division other 
than analytical. Included in this 
section are facilities which have 














been specifically designed for 
corrosion studies on the various 











metals and alloys involved in the 
Janitor | lec hance: sting hy sical ot 
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atomic energy program 

Space along the sides has 
been devoted to offices, confer- 
ence rooms, storage and building 
mainienance facilities 














econtamination 


. The building proper is of 
Quonset construction utilizing 
the entire height (17 to 20 ft.) for 
the ceiling in the melting and 
casting and the metal working 
laboratories The other rooms 
and laboratories have 12-ft. ceil- 
ings with a plenum above for 
service lines, dust-collecting and 
, eetete etal working a Heat Treating air-conditioning ducts. Asphalt 
\ Casting XXX : tile floors have been used in all 











Fig. 1 Floor Plan of Laboratory for 
Metallurgical Division of Oak Ridge 
National Laboratory. Shaded regions 


% indicate contaminatable areas. Note 
So by that some doors are to be used in emer- 
Emergency Only ~\__~ ] gency only. Building is 103 by 220 ft. 


Vietal Progress: Page 188 


Emergency Only 


lectrical 





A 











sections except the melting and casting 


and the mechanical working laboratories, 





which have been provided with a smooth, 
hardened concrete floor which may be 
easily cleaned. The wall construction is 
glazed tile, not only as a protection 
against fire but for ease of cleaning and 
decontamination. At three locations this 
wall extends to the top of the building 
for a fire barrier; all ducts through these 
walls contain automatic dampers so as 
to prevent the spread of fire — a particu- 
larly important matter in the high- 
velocity dust-collecting system 
Appropriate heating and ventilating 
systems have been installed in the indi- 
vidual areas One system has been 
designed to provide a flow of air from 
the offices into the corridors and thence 
into the end of the building containing 
the melting, casting, and mechanical 





Metallurgical studies of the heavy 
Sr » 


elements, the trans-uranium metals, and 
materials for reactors and power piles, 
require unusual precautions against con- 
tamination of personnel, equipment and 
building structure by radioactive or toxic 
fumes or particles even when the level 
of activity is far too low to confine the 
materials to a “hot” laboratory. This 
description of the newly completed metal- 
lurgical laboratory at Oak Ridge 
National Laboratory gives a good idea of 


how these conditions are met. 








working operations so as to prevent dust 
and vapors from the latter areas reach- 
ing the rest of the building. A second 
system provides the laboratories in the central por- 
tion of the building with conditioned air to main- 
tain a temperature of 70° F. throughout the year. In 
addition, the metallography and chemistry sections 
and a portion of the physical testing laboratory 
are maintained at 45 relative humidity in order 
to meet the requirements of operation of precision 
instruments, the preparation of metallographic 
specimens, and the storage of photographic 
material 

Control of the dust and vapor hazard is main- 
tained through the use of an exhaust system of 
19,000 cu.ft. per min. capac- 
ity, and by proper house- 
cleaning. The major sources 
of dusts and vapors are 
the melting, casting, and 
mechanical working opera- 
tions; to adequately cope 
with this problem, all equip- 
ment in these laboratories 
is individually hooded 
These include hoods around 
the vacuum furnaces, open 
melting furnaces, mold 
shakeout tables, heat treat- 
ing facilities, and equip- 
ment such as the rolling 


Fig. 2 Dust-Cleaning System 
Showing Cyclone Separators, 
Filter House. Blower and Stack 
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mill, extrusion press and swager. All these hoods 
are connected to a main duct system and the dust 
removed by a hattery of four eyclone separators 
and filter bank of extremely high efficiency (Fig 
2). The cleaned air is then discharged through a 
stack. The design velocity of the air in the ducts 
of the dust-collecting system is 4000 fl. per min 
To maintain this velocity at all times and also to 
maintain balance in the heating and ventilating 
system, whether or not the hoods are in operation, 
suction relief valves have been installed at appro- 
priate locations 





Protection Against Radioactive Dust 


It has not been considered advisable to confine 
all the work on hazardous materials to the con- 
taminatable area for two reasons —first, many 
experimental procedures with active material do 
not produce any dust problem, and second, some 
procedures producing dust cannot logically be 
isolated from a sequence of which they are an 
integral part. To meet the conditions produced by 
the latter, special or standard fume hoods have 
been installed at appropriate locations and con- 
nected with the high-velocity exhaust system 
Particular 
attention may be called to the special precautions 


discharging into the dust collector. 


which have been taken in hooding the equipment 
utilized for the preparation of metallographic 
specimens prior to wet polishing. Cutting and 
grinding produce fine dust, and each piece of 
equipment in the specimen preparation room is 
practically surrounded by a hood with the 
exception of an opening large enough for the 
operator’s hand. Most of these hoods have been 
made of transparent plastic for maximum visibility. 
These precautions, along with the high air velocity 
through the opening, seem to be a practical solution 
to the dust problem.* 

Furthermore, it has been advisable to isolate 
the melting, casting, and metal working laborato- 
ries from the rest of the building and to designate 
them as “contaminatable areas”. Personnel regu- 
larly working there are assigned protective clothing 
and shoes (the laboratory attending to laundry and 
repairs) which are to be worn only in this area. 
At the day’s end, their clothes are placed in a 
special locker; after showering, each man makes a 
Personnel 
desiring to enter this contaminatable area for short 
periods of time don shoe covers and smocks at 
the entrance, redepositing them before returning 
to any other part of the laboratory. 


check for radiation before dressing. 


It is almost impossible to prevent the forma- 
tion and some spreading of dust or particles of 
scale around the equipment and on the floor. 
Complete hooding of the equipment is frequently 
impractical, and personnel are protected by the 
use of proper respirators, although adequate pro- 
tection is usually provided by the exhaust system. 
In any event, good housekeeping is mandatory, 
and both equipment and floors are frequently 
vacuum cleaned and the floors scrubbed. 


If it is necessary to carry materials and equip- 
ment presenting some health hazard into other 


*For some ideas on details of construction of 
laboratory benches, furniture and other facilities, the 
reader may turn to p. 239, 


sections of the building, they are cleaned and sur- 
veyed for radiation before moving; and a check is 
maintained in these sections for possible contam- 
ination. These checks are made by a representative 
of the Health Physics Division of the Oak Ridge 
National Laboratory. (As a matter of interest, it is 
one of the duties of the Health Physics Division to 
advise on operations and experimental procedures 
involving radioactive materials. An_ individual 
researcher may call on Health Physics at any time 
for a survey of his equipment or operation.) 

Two types of laboratories have been estab- 
lished in the building: those containing relatively 
standard equipment, such as melting, casting, 
mechanical working, mechanical testing, metallo- 
graphic, and X-ray diffraction, and those for proj- 
ects not requiring such functional equipment. For 
the latter purpose four physical-metallurgy lab- 
oratories of approximately equal size are located 
along the inner corridor; a larger one is adjacent 
to the departmental shop. These are not originally 
provided with any standard experimental equip- 
ment whatsoever but each has a workbench, lab- 
oratory tables, and the ordinary services (gas, hot 
and cold water, compressed air, electric power). 
A universal power panel has been installed in each 
laboratory through which a wide range of alter- 
nating and direct currents and voltages may be 
obtained. As noted above, these laboratories are also 
equipped with hoods connected to the high-velocity 
exhaust system where special apparatus may be 
placed when hazardous materials are involved. 

The various laboratories utilizing more or less 
standard equipment are designed so as to be used 

to a large extent) in studying the various metals 
and alloys important to the atomic energy program 
and the development of fabrication methods. 


Vacuum Melting 


Gas absorption is one of the major problems 
encountered ir the melting and casting of many of 
these metals. Not only is oxygen pickup impor- 
tant, but nitrogen and hydrogen are considerably 
more active than with the more conventional 
metals. Accordingly, a major effort has been made 
to reduce this contamination to a minimum. At 
the present time two of the proposed four high- 
vacuum furnaces have been installed in the melting 
laboratory on a balcony above their respective 
vacuum sources; this makes for maximum ease 
of operation and maintenance of both units 
The vacuum units consist of a high-capacity oil- 
diffusion pump (capacity 1100 cu.ft. per min. at 10 
microns pressure) backed by a mechanical fore- 
pump; the resulting unit is able to maintain reason- 


able vacuum during severe gas evolution by the 
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& (Balcony 
Above/ 


= 


metals being melted Inert 
gases such as argon and 
helium may be bled into this 
system. The power source is 


’ 


Do 4444444 


a o50-kw., high-frequency 
motor-generator set. 

Several tilting furnaces 
open to the atmosphere are 
also connected to this power 
source. Other requirements 
are met by smaller high-fre- 
quency converters, induction 
melting furnaces, and conven- 
tional resistance furnaces. 

The operations of open melting and casting, opening 
of the vacuum furnaces, cleaning of crucibles, and clean- 
ing and removal of ingots from molds represent the most 
hazardous conditions encountered. Consequently, these 
furnaces are very carefully hooded, and the special cru- 
cible cleanout is totally enclosed except for a_ slotted 
opening wide enough for the operator’s arms, and it is 
provided with a very high-velocity down-draft to prevent 
any dust from escaping into the room. 

Forming and Heat Treating Equipment — Mechanical 
working and heat treating have been located adjacent to 
the melting and casting room and occupy the major por- 
tion of one end of the building. The equipment is located 
as shown in Fig. 3; it provides the metallurgy division 
with excellent facilities for research in fabrication by 
extrusion, rolling, forging, and swaging. Locations are 


such as to make available any one of several furnaces 


+ 


a5 a 


Fig. 3-- Melting, Casting, Metal Working and Heat Treating Laboratories 


Legend 

1—-Tool cabinet and stock bins. 2—2-kw. 
resistance melting furnaces (hood). 3 casting 
benches (hood). 4-——10-kw. resistance melting 
furnace (hood). 5—20-kw. spark gap con- 
verter. 6—Small induction melting furnace 
(hood). 7—Workbench (movable hood). 8 
Sink. 9—-Mold shakeout hood. 10—-Mechanical 
and diffusion pumps. 11——-Motor starter. 12 
50-kw., 3000-cyele, 400-v. motor-generator set. 
13—-Capacitor bank. 14—Switch panel for 
high-frequency circuit. 15—12-in. vacuum 
induction melting furnaces (hood). 16——50-lb. 
open induction melting furnaces (hood). 17 
Control panel for high-frequency circuit. 18 
Crucible cleanout hood. 19—-Workbench (mov- 
able hood). 20—Electrical switchgear for 110, 
220, 440-v., a.c. circuits. 21—15-hw., 125/250 
v., d.c. motor-generator set. 22—Control panel 
for d.c. circuit. 23—Batteries for 2/24 v., d.c 
circuit. 24—Tool cabinets. 25—Gas purific: 
tion system. 26-—“Exogas” generator. 27 
Tool cabinet. 28--Workbench (movable hood) 
29—Sink. 30 Electrical distribution panel 
31—Small resistance heat treating furnaces, 32 

totary swaging machine (hood). 33-—1600 
ft-lb. electro-pneumatic forging hammer (hood) 
34—7.5 & 15-kw. resistance heating furnaces 
(hood). 35-——Furnace temperature control 
panel. 36—6x 10-in. rolling mill (hood). 37 
42-kw. high-temperature resistance furnace 
(hood). 38—700-ton extrusion press (hood). 
39—Extrusion press controls. 40—Air-hydraulic 
accumulator. 41—Hydraulic pump. 42—Watet 
storage tank. 43-——Air compressor 44 -Prefill 
tank. 45-——Wet abrasive cutoff machine (hood). 
46- Special equipment. 
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1 Wet 
powder grindet 
i Dry belt 
6—-Protective clothing 
Workbench (movable 
10--Hand grinders (movable 
12--Chemical etching sink (hood). 13 
bench and sink (hood). 14—-Two-speed, single-unit pol 
ishing machine. lo Variable spec a, 


abrasive (hood). 2 Wet 
Wet belt (hood). 
(hood). 5S Disk grinder (hood). 
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hood) 11--Sink. 
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Metallographic 


polishing 
machines 17 
cabinets. 18—Binocular 
19 Desiccating ¢ 
Microscope, 21 

Metallogra ph ic 
graphic negative 


chemical supplies 
metallurgical bench microscope. 
ibinet, 20 


spectinen 


Stereoscopic wide-field 


camera, 22 
ibinet. 23-—Photo 
cabinet. 244 metal 
Loading and 
Developing and washing sinks. 
dryers. 30—Refrigerated 
Print 

Print 

Photographic supplies 


macrogte iphic 
filing « 
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lographs 25 
unloading benches. 27 
28—-Sinks. 20 Ne 
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Contact printer, 33 
Developing sink. 36 
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Enlarger. 34 
Sink. 37 


cabinets 


to each piece ol the 


temperatures and 


equipment; in this way 


operator has a wide range ol 
furnace atmospheres available 

the 
the 


reactor design, 


The extrusion proc- 


ess seems to be one of most feasible methods 
of fabricating 


utilized in 


many of metals and = alloys 


nuclear since they are 
less ductile than many of the more common metals, 
and adequate facilities have been provided with the 
installation of a 700-ton extrusion press 

Several large furnaces for preheating are also 
available for any type of general heat treatment. 
The main installation of furnaces includes a 7.5-kw. 
furnace, $2-kw 
furnace high-temperature 
multe tube furnaces 


are placed in this room, to restrict most heat treat- 


three 15-kw. furnaces, and a 


“Globar”’-type for use. 


Several small furnaces and 


ing hazardous 


operations involving materials to 
the contaminatable area. 

Since which the 
metals under consideration may be heat treated in 
the air, it 
various protective atmospheres. 
of the 


atmosphere 


. 
there are very few cases in 


open has been necessary to provide 
Accordingly, each 
available to it 
200-cu.ft. per hr. 
the the 


Unfortunately, this atmosphere is only 


furnaces has 


controlled 
directly from a 


“Exogas” generator, located in corner of 
laboratory 
partially 

piping central location deliver 
purified helium, argon, or other gases. The purified 
argon and the 


been 


protective in many cases, so auxiliary 


systems from a 


helium 


system also extends into 


physical-metallurgy laboratories; it has 
cu.ft. per hr. of 


Frequently it is necessary to resort 


designed with a capacity of 75 
purified gas 
to vacuum heat treatments, and equipment for this 
purpose is also available 
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Equipment Layout in Metallography Laboratory 


Temperatures of the extrusion press container 
and the various furnaces and other pieces of equip- 
ment are controlled through a central instrument 
panel. Thermocouple and contactor control lines 
are brought overhead and connected into five-pole 
sockets properly numbered. Similarly, the record- 
ing controllers on the panel are connected to a 
series of sockets located immediately below those 
connected to the furnaces. Thus, any furnace may 
be connected to any of the instruments. In order 
to have a continuous check on temperature of the 


load, each furnace has an auxiliary thermocouple 
outlet through which a second thermocouple with 


flexible leads may be placed in contact with the 
load. This load-temperature is relayed to a master 
busbar on the control panel. Any load-temperature 
may then be recorded as one of the points of any 
recording instrument 

Special Sections The metallography section 


consists of a group of interconnecting rooms for 
specimen preparation, polishing and etching, 


examination 


mac- 


roscopic and 


photography, micro- 


scopic examination, and dark rooms. (See Fig. 4.) 
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The equipment is “standard” except for the hoods 
in the specimen preparation room (described pre- 
viously) and the hoods over the electrolytic polish- 
ing and chemical etching sinks 

Two of the major problems anticipated in 
future nuclear reactors involve materials of high 
corrosion resistance and of good high-temperature 
properties. These are, of course, major metallur- 
gical problems. Consequently, the actual testing 
laboratory in the corrosion section has been 
designed with a half-height ceiling so that the 
various solutions could be made up in_ large 
quantities and stored on the upper floor. From 
here they may be gravity-fed to the corrosion units 
located below. The corrosion laboratory is located 
near the laboratory for general chemical work, a 
balance room, an instrument room, and other 
equipment required 

Facilities in the creep laboratory will be 
rather conventional except for the provisions for 
removing, from the vicinity of each instrument, 
vapors and dusts (as well as heat which might 
arise from oxidation). Accordingly, creep machines 
will be placed in two rows extending the full length 
of the room; above each will be a high-velocity 
exhaust hood. 

A wide research and development program in 
a new field requires the design and construction 
of special types of equipment and the development 
of special research techniques. In the short time 
this laboratory has been in operation, several prob- 
lems have already required this type of approach 

The most unusual is a piece of equipment 
for studying the response of metals to very high 
thermal gradients, resulting from the rapid cooling 
of the surface of metals heated internally by heavy 
electrical currents. It is capable of recording tem- 
perature gradients resulting from the dissipation 
of small amounts of heat up to several hundred 
kilowatts. Another instance of special methods, 
although certainly not new, is vacuum are melting 
in water cooled metal crucibles, whereby contami- 
nation from absorbed gas and crucible materials 
may be avoided 


Interchange and Advancement of Personnel 
£ 4 


The metallurgy division is fortunate in that, 
being a part of the Oak Ridge National Laboratory, 
it may call upon the services of the scientific and 
technical personnel of the other divisions. Thus, 
at the present time chemical and spectrographic 
analysis and a portion of the X-ray diffraction 
work is being carried out by the chemistry division 

A cooperative program on solid-state physics 
has been under way for some time with the 


physics division, a program directed toward the 


solution of several fundamental problems required 
to substantiate or to develop further the theories 
of the solid state. A considerable portion of the 
work on the response of metals and alloys to the 
conditions met in nuclear reactors, however, will 
be directed along lines of interest to both the 
metallurgist and the physicist. Research in this 
field is complicated by the radiation hazard and 
necessitates new procedures, techniques, and equip- 
ment in laboratory experimentation. Practically 
all of the work must be done behind barriers 
which adequately protect the personnel, and all 
operations must be carried out by remote control. 
These include the more familiar metallurgical 
operations such as hardness testing, tensile testing, 
and even the preparation of metals for both macro 
scopic and microscopic examinations. The need 
for care and ingenuity of the researcher in these 
investigations may well be appreciated. 

Another interesting field of cooperative research 
between the physics and metallurgy divisions is 
that of neutron diffraction. There are indications 
that it will extend the areas now occupied by 
electron and X-ray diffraction methods, particu- 
larly to locate the lighter elements in metal struc- 
tures, since the neutron beam is selectively 
diffracted by the lighter elements. One problem 
of particular interest in metallurgy is the exact 
location of the carbon atoms in the iron lattice 

The metallurgy division has cooperated with 
universities offering graduate studies in metallur- 
gical fields. This plan functions through the Oak 
Ridge Institute for Nuclear Studies. Students who 
have completed their classroom work at their 
university may spend sufficient time at the metal- 
lurgy division’s laboratory for completion of a 
research project. These students are being selected 
by agreement between the laboratory and the 
university. It seems feasible for students on 
Master of Science programs to complete their 
research problem in one or possibly two summer 
periods. Although no doctorate research projects 
have been sponsored by the metallurgy division, a 
program has been organized through the Oak 
Ridge Institute, wherein the candidate is required 
to complete all course work and preliminary exam- 
inations at his university; he is then assigned a 
mutually agreeable problem. At least one full 
year, and perhaps more, is devoted to research on 
this problem; its satisfactory completion is verified 
to his graduate school by examiners from the 
laboratory and the university. 

The full-time personnel of the division are 
also given the opportunity and are urged to take 
graduate work on a part-time basis. A program 
has been set up whereby they may obtain Master 
of Science and Doctor of Philosophy degrees. © 
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Furnaces for 


By 8. L. Widrig 
Chief Metallurgical Engineer 
and Wilson T. Groves 

Metallurgical Engineer 


Spicer Mfg. Division of Dana Corp. 
Toledo, Ohio 


the work passing through. 
Gas carburizing originally 
started out as a heating in an 
atmosphere of straight natu- 
ral or manufactured gas or in 


Gas Carburizing; a mixture of either of these 


Design & Operation 


ApbvanceMENTS in the design of controlled 
atmosphere furnaces have kept pace with the 
increasing knowledge of gas chemistry. This is 
a tribute to both the furnace user and the furnace 
designer. One of the most important functions 
performed by the iurnace manufacturer is the 
circulation of ideas from plant to plant. On the 
receiving end, the steel treat supervisor has never 
been adverse to changing the design of existing 
equipment to meet the current requirements of 
the product. Such changes are often made with 
the assistance of the furnace company and later 
incorporated into new furnaces to the advantage 
of the whole fabricating industry. Such has been 
the situation at Spicer Mfg. Division of Dana 
Corp., where six gas carburizing furnaces are 
used for case hardening the shafts and gears 
which go into the automotive rear axle units, 
heavy-duty transmissions and torque converters 
made by Spicer. 

It is not the purpose of the writers to discuss 
here the elementary design features common to 
most atmosphere furnaces. Let it suflice to say 
that our furnaces are tight enough so an internal 
pressure of 0.15 to 0.30 in. of water can be main- 
tained with a reasonable input of prepared gas. 
Also the hairpin-type radiant tubes are spaced 
sufliciently close for uniform heating, and are 
divided into zones whose temperatures are auto- 


matically controlled to give the desired cycles on 


gases with air. As might be 
expected, such operation was 
unsatisfactory due to the pro- 
hibitive amount of carbon 
deposited as soot or coke on 
the steel surfaces. Since carbu- 
rizing is a result of absorption 
of nascent or atomic carbon 
from the atmosphere at the 
steel’s surface, such deposits 
actually impeded the process. 
A much more serious effect 
was the nonuniform case depths produced and the 
unequal cooling rates obtained during quenching; 
both these factors increase the distortion during 
hardening. Plug or die quenching was no solu- 
tion, since the hard carbon deposits prevented 
insertion of the plug or interfered with normal 
die contact. 

It early became apparent that a less car- 
bonaceous atmosphere was required, and a variety 


of gas cracking units, or “generators”, were 


developed. One of the simplest types, which is 
still used extensively, is the catalytic, endothermic 
generator in which a mixture of hydrocarbon gas 
and air is cracked at approximately 1850° F. in a 
retort containing a refractory impregnated with 
nickel. The nickel catalyst controls the reaction 
so the hydrocarbon is virtually completely changed 
to hydrogen and carbon monoxide with only traces 
of carbon dioxide and water vapor. 

For natural gas (which may be assumed to 
be approximately 100% methane) or a hydrocar- 
bon equivalent to natural gas the reaction is 

CH, + 0.50, + 1.89N, = CO + 2H, +1.89N, 
in which 4.89 cu.ft. of generator gas are made for 
each cubic foot of methane cracked. Since the 
mixture of 2.39 cu.ft. of air with one cubic foot 
of methane will not support combustion, external 
heat is furnished to the retort, either by gas 
burners or electrical resistors. (The gas required 
by the burners, in a normally insulated unit, is 
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approximately 90% of the gas 
eracked.) The heat from the burn- 
ers furnishes the heat absorbed by 
the endothermic reaction above, as 





An interesting variant from conventional 
well as compensates for radiation 


losses, and the heat carried away 
in the exit. 


practice consists of carburizing at 1725, inter- 
mediate cooling to 1150, reheating to 1550° F. 
It is seen, then, that the use of (all in one trip through a continuous furnace), 
a generator gas in carburizing has . . . . 

- . . oil quenching, washing and then drawing at 
the advantage of economy as well as ; 
cleanliness, since about 2.6 volumes 340°. This increases production rate of heavy 
of generator gas are produced for 
every volume of methane used for 
cracking and heating 


4.89 - 
1+.0.90 
The analysis of the gas pro- 


duced by the cracking of methane 
is as follows: 


parts for automotive transmissions, and pro- 
duces, in 8620 or 4320 gear teeth, a superior 
microstructure for clash gears, consisting of 
fine-grained, relatively low-carbon martensite, 
with some excess carbide in the surface zone. 
Such carbides greatly increase the wear resist- 
ance and do not harm the impact properties 


CO=1 4.89 — 20.4% 


H 4.89 — 40.86, if well distributed — that is, if not accumu- 


” 
N, = 1.89 ~ 4.89 = 38.8% 


lated in a grain-boundary network. 

This gas is essentially neutral 
to steel at normal carburizing tem- 
peratures and is furnished to the 
furnace in relatively large volumes 











to build up an internal pressure in the carburizing 
chamber and prevent the infiltration of air around 
door openings or through any cracks that may 
exist in the steel casing. To this neutral, pro- 
tective atmosphere must then be added an active 
carburizing gas (such as natural gas) so as to 
constitute from 5 to 15% of the total volume 
the actual percentage depending upon the tem- 
perature of operation, frequency of door openings, 
surface area of the work to be carburized, degree 
of circulation of gases inside the furnace chamber, 
and the carbon concentration desired at the steel 
surface. 

Three of the furnaces used at Spicer in the 
Toledo plant are divided into two zones of auto- 
matic temperature control, while the remaining 
three have four zones of control. Other descrip- 
tive features are listed below. 


Two-Zone FurNAceS Four-Zone FURNACES 


Furnace type Continuous pusher 
Method of heating Radiant tubes 
Rows of trays 2 

Trays per row 14 

Tray size 15x 19 in. 
Control of furnace cycle Manual 

Gas circulation Fan impeller 


The two-zone furnaces are used primarily for 
carburizing axle parts such as ring gears, pinions, 
side gears and pinion mates. The tray and load- 
ing for ring gears and pinions are shown in Fig. 1 


Continuous pusher 
tadiant tubes 


16 x 21 in. 
Automatic 


and 2, respectively. The alloy spacers between the 
ring gears are designed so that each gear supports 
only its own weight while the weight of ones above 
it is transferred through the spacers to the tray 
itself. (See Fig. 1.) Such loading minimizes 
warpage of the gear face. 

An internally threaded copper cap is used to 
suspend the pinion from the tray fixture (Fig. 2). 
The cap also serves to shut off the circulation of 
carburizing gases as well as to decrease the 
quenching rate of the threaded section. Such 
measures are necessary to prevent cracking when 
the pinion nut is drawn up during assembly. 


Ring Gears Quenched Individually 


Due to the heavy tray loading for ring gears 
and pinions, a recirculating fan has 
been installed near the roof of each of 
these carburizing furnaces to accelerate 
the heating rate and promote uniformity 
of case depth. For the same loading 
density, an atmosphere richer in hydro- 
carbon gas should be used if the furnace 
does not have a means for recirculating 
the gases. A lean atmosphere becomes 
readily depleted of available carbon in stagnated 
areas so that the steel in these areas is low in 
both carbon concentration and case depth. 
Typical operational data for the two-zone 
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furnaces are shown below. Relatively high per- downward; the inner end of the muflle is open 
centages of hydrocarbon gas are used and no effort and extends approximately 9 in. inside the furnace 
is made to limit the surface carbon concentration back-wall. The hearth plate at the end of the 
of the carburized case. first row of trays is sectioned and connected by 
i : —* : : alloy shafting to a hydraulie cylinder below the 
Typical Operational Data for Two-Zone Furnace : 
. Z 1650° F furnace floor so as to form an elevator, as indi- 
Femperature: Zone 1, 1700° F.; Zone 2, 1600° F. : ‘ 
. ‘ cated at the right-hand end of Fig. 3 
Maximum loading, Ib. per hr.: 660 net, 1240 gross ; 
Total time in furnace: 7 hr When the trays are advanced one position 
Atmosphere (cu.ft. per hr.): 600 generator gas plus by the front pusher, the end tray is pushed onto 
80 natural gas the elevator. The operator then raises the elevator 
Pressure in furnace chamber: 0.20 in, HO so the top ring gear is level with the mufle, after 
DEw 
GAS ANALYSIS 0 ; H., N. POIN1 
Influent 0.1 3.5 Bes 33.5 34.7 + 2° F. : 
EMuent 0.1 17.8 5 11.9 35.3 +18°F sliding door and, as the door is lowered, a solenoid 


which this gear is removed and quenched A 
ribbon-type burner is attached to the top of the 


valve in the gas line is energized and a flame cur- 
At the end of the carburizing evcle the loaded tain forms across the door opening. At the same 
trays are pulled manually from the furnace cham- time another solenoid valve in a gas line extending 
ber into the discharge vestibule and subsequently through the furnace wall just below the door 
removed for quenching. The fixture holding the opening allows a small amount of natural gas to 
pintons Is lifted from the tray by an electric hoist enter the furnace, thus counteracting any air ot 
and lowered into a recirculated oil bath 
maintained at 120 to 140° RF. The recireu- 
lating oil is directed upward and, due to 
the shape of the pinion head, the pinions 
must be quenched head down to quench 
the gear teeth uniformly 
The furnace used for carburizing ring 
gears has been redesigned to allow the 
gears to be removed = individually and 
quenched in a press An alloy muffle o1 
corridor, 18 in. wide and 3'»s in. high, has 
been installed in an opening through the 
end-wall directly in line with the first row 
of trays and approximately 2 ft. above the 
skid rails. The outer end of this small 
muffle has a sliding door which opens 


Fig. 2 1 Copper Cap With Internal Threads Is 
First Screwed Over the Spline End of the Pinion. 
1 pin, inserted through the hole in the cap, or a stir- 
rup. bearing against its shoulder, suspends the pinion 
vertically in the fixture. The copper cap keeps the threaded 


end soft after the carburizing and quenching cycle 


Fig. I Loading of Ring Gears for Carburiz- 
ing. Triangular spacers carry each gear and 
transmit weight of others down to tray. Each 


gear is therefore carrying only its own weight 
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Old Location of Curtamn for 
Simple C3 Top and Bottom Radiant 7 ues 
Simple Carburizing Operations mn Zone 3 Are Used for Cooling 
Atmosphere Gas Inlets 


a A A A 


ee 





o 








ni 


a 





. 


; 


Jon oe 


i 


i 


— Se 


‘aor ance 





FE 





bodnd 
Hw 
SRN 





Entrance ™ cone | 4 sot 
fi + Hage Heating Zone Carourizing Zone Cooling Zone nr mg Zone 
vestibule 1723 °F 1725 %F 1150 % 


Discharge 
Mechanism 
big. 3 Longitudinal Section of Four-Zone Furnace Adapted From Simple 


Vhrough-Type Carburizing Furnace. (Courtesy Surface Combustion Corp. 


Maximum loading (lb. per hr.) : 920 net, 1450 gross 


products of combustion Fotal time in furnace: 10 hr, 48 min, The second zone ot 

from the flame curtain Atmosphere (cu.ft. per hr.) : 1000 generator gas plus 
0 c ‘ S v al - 
125 natural gas 


that might enter the Pressure in furnace chamber: 0.20 in, 


; 
furnace while the door . ; ' ; sly by closing the zone’s 
ANALYSIS: CO CO CH, H N.. Dew Poin’ I : 


is down. The door is clined 0.1 18.2 13.4 49.0 36.3 4 2°F gas valve and adjusting 
open just long enough Efluent 0.1 18.1 58 38.7 37.3 +22 the automatic tempera- 
to extract one gear for ture control instrument 


each of the four presses so that the air control 


the furnace is converted 


H.O into a cooling zone sim- 


and then closed again until the next quench valve is open and cold air is drawn through the 
eyele. After all the gears on that tray have been radiant tubes. The work emerges bright at a 
quenched, the elevator is lowered and the empty temperature of 850 to 950° F. and is only slightly 
tray removed through the regular side discharge discolored by oxidation during the subsequent 
vestibule. At the proper time a tray from the cooling in still air. 
second row can then be pushed transversely onto 
the elevator by a cylinder operating through the Two-Heat (Reheat) Cycles for Heavy Work 
furnace side-wall, and the quenching procedure 
is repeated. The large four-zone furnaces were originally 
used for carburizing and direct quenching. Zone 
Handling Carbon Steel for Least Distortion temperatures were controlled at 1650, 1700, 1600, 
and 1550° F., respectively; most of the parts were 
A third two-zone furnace is used for miscel- reheated in atmosphere hardening furnaces. Dur- 
laneous work such as hardening or carburizing ing the war, when every effort was being made to 
followed by slow cooling. Practically ali the plain obtain greater production from existing equip- 
earbon steels used for spacers or bushings are ment, the idea was conceived of carburizing, cool- 
carburized and cooled in this furnace. They are ing to below the critical, and reheating for 
then reheated to approximately 1475° F. in a small quenching, all while going through the furnace 
belt-type electric furnace and hardened in water. once. To accomplish this, the original third zone 
Such a procedure causes considerably less distor- was lengthened to include the last two tubes from 
tion than the double quench treatment, and the second zone. Jack arches, just high enough 
produces a hard, fine-grained case with a_ soft, to allow passage of the work, were installed in the 
moderately tough, unrefined core. roof, and the refractory piers directly below the 
For this work on plain carbon steels a rela- jack arches were bricked up solid to separate zone 
tively lean atmosphere, consisting of 600° cu.ft. from zone as much as possible. Air from an 
per hr. of generator gas and 50 cu.ft. per hr. of auxiliary blower, 635 cu.ft. per min. capacity, was 
natural gas, is used during the carburize-cool piped through control valves to the discharge end 
eycle to prevent excessive sooting of the work. of the eight hairpin tubes in this zone, thus being 
All the atmosphere gas is put into the furnace forced through in a reverse direction from that 
through the inlet ports in the hot zone and no normally traversed by the combustion gases when 
recirculating fan is used. the tube is used for heating. 
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The operating temperature controls for the 
first and second zones were increased to a 1725° F. 
setting to compensate for the carburizing time lost 
in the cooling zone. A longitudinal section of the 
furnace as it now exists is shown in Fig. 3 (top 
p. 197) and typical operational data are tabulated 
in the caption. 

The atmosphere gas is mixed with the natural 
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Fig. 4 Carbon Gradients From 1-In. Test Bar Car- 
burized Alongside Work in Production. Curve A repre- 
carburize at 1700 to 1650° F. 
and oil quench. Curve B represents present cycle in 


sents conventional cycle 


four-zone continuous furnace 
cool to 1150° F., 


carburize at 1725° F., 
reheat to 1550° F., and then oil quench 


gas and introduced through inlet ports C-65 
in the first two zones. The two effluent 

vents are adjusted to exhaust approxi- &0 
mately 70% of the gas through a vent 

pipe in the charge vestibule and the 55 
remaining 380% through a vent pipe at 

the discharge end of the furnace. The 50 
temperature control and the mechanical 
operation of the furnace is entirely auto- 
matic except that the loaded tray is 
removed from the side discharge ves- 
tibules by the operator after a horn 


Hardness 


indicates the cycle end. 

Practically all the parts run through 
these four-zone furnaces are gears and 
shafts for heavy-duty transmission and 
torque converters, made from fine- 
grained 8620 or 4320 steel. The work 
is quenched by various methods, depend- 
ing on the shape of the part and the 
dimensional tolerances allowed. Very 
few of the gear teeth are ground after 


2080 


heat treatment, and in order to obtain quiet 
running gears with proper tooth contact of the 
mating parts, it is essential that the gear faces do 
not warp or the teeth taper. The parts are 
checked 100% by the heat treat inspection depart- 
ment and any gear showing warp or taper in 
excess of 0.003 in. is rejected. 

One of the furnaces is equipped with an 
automatic “lowerator” which quenches tray, work, 
and fixtures, if any, immediately after the loaded 
tray is discharged from the furnace. When the 
parts are properly racked, distortion is held to a 
minimum by this equipment and the results are 
consistent from day to day. Most of the gears 
that were formerly quenched in presses are now 
being hardened satisfactorily with a modified 
martempering treatment. Gears having internal 
splines are usually plug quenched in oil at 130° F. 
or given a modified martempering treatment. 
Plans are currently being made for quenching 
these splined gears in an open tank without a 
plug, after which the splines will be ground or 
honed to finish dimensions. 

Transmission parts carburized in the four- 
zone furnaces are transferred to an adjacent con- 
tinuous belt-type wash and recirculating draw 
unit and drawn at 340° F. for 40 min. (minimum 
time at temperature). The parts are file-hard 
after quenching and have an indentation hardness 
of C-62 to 65. Hardness after drawing is C-59 
to 62 and the gears have a slight file touch. 

Axle gears carburized in the two-zone fur- 
naces are made from fine-grained 8620 steel. 
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B (4320 Mainshatt Gear: 
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Fig. 5 
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ventional Cycle (Oil Quenched), and a Mainshaft Gear 
After the Reheat Cycle. See caption of Fig. 4 for cycle 
specifications. 


Mainshaft gear was also drawn at 340° F. 
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Approximately 10 to 20% of austenite is retained 
in the outer portions of the case after quenching, 
and no subsequent draw is given. The gears are 
hard to a mill-file; any evidence of soft skin is 
cause for rejection, since such surfaces frequently 
score in service. 


Carbon and Hardness Penetration 


Typical carbon and hardness gradients for 
the carburizing cycles described above are shown 
in Fig. 4 and 5. The carbon gradients were 
obtained from chemical 
analyses of turnings taken 
from 4320 test bars, 1 in. 
diameter, run with loaded 


hig. 6 


production trays. The hard- 
ness gradients were plotted 
from 5-kg. Vickers impres- 
sions taken across the case 
at the pitch line of the 
gear tooth cross section. 
Figure 6 shows photo- 
micrographs of the case and 
core of a ring gear tooth, 
while Fig. 7 represents a 
tooth from a mainshaft 
gear. Distinct differences 
will be noted between the 
microstructures of the case. 


Fig. 7 


The clash teeth of transmission gears must 
withstand impact loading, and a carburized case 
consisting of fine, relatively low-carbon martens- 
ite with fine, well-distributed carbides is desired. 
The excess carbides near the surface, indicated by 
both the carbon gradient and the photomicro- 
graph, greatly increase the wear resistance of the 


Case and Core of Tooth of 5.A.E. 4320 Mainshaft 
Gear, Treated in Two-Heat Cycle and Drawn (Curve B of Fig. 5 


gear tooth. These superficial carbides have no 
deleterious effect on impact properties, providing 
they do not form a continuous network at the 
grain boundaries. 

Experience indicates that the high-carbon 
martensite formed in the direct-quenched axle 
gears will withstand “tempering” during service 
better than the low-carbon martensite found in 
reheated gears. Since the axle gears are in 
constant mesh, high impact properties are not 
required. Indentation hardness falls off near the 


surface, as indicated by Fig. 5, due to the austenite 


Case and Core of Tooth of A.I.S.1. 8620 


Ring Gear, Direct Quenched, Magnified 400 Diameters 


retained in this portion of 
the case. 
Solution of 
complete in the core of 
both direct-quenched and 
reheated gears, as evidenced 
by the photomicrographs, 
as well as by their core 
hardness, C-38 to C-39. 
Some 


carbon is 


constant - mesh 
transmission gears are car- 
burized on the _ direct- 
quench cycle for which the 
four-zone 


furnaces were 


originally designed. How- 
ever, the preponderance of 
the work, including all 
clash gears, is treated 
according to the reheat cycle described above. 
Our carburizing procedures may be somewhat 
at variance with methods followed in other plants. 
However, they have been adopted after compre- 
hensive laboratory and field tests, and are justified 
by the commendable results obtained in service 
which is, of course, the real criterion. (~) 
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President, American Society for Metals 


Harold Knowlton Work 


A Biographical Appreciation 





\ HEN the committee for nominating national 
officers of the American Society for Metals met in 
1947, it had before it this document supporting 
the candidacy of HaroLp Work, signed by a group 
of his work-a-day associates: 

“Dr. Work was elected to his present office in 
the Society in recognition of his prominent posi- 
tion in the metallurgical field. He has also held 
national offices in other technical societies. He 
has received awards for distinguished achieve- 
ments. He has presented numerous technical 
papers and has lectured nationally on both ferrous 
and nonferrous subjects. His organization and 
leadership of the research activities of his company 
have resulted in outstanding steel-producing 
developments which have been accepted by the 
entire industry. 

“An attached biographical and professional 
history will serve the purposes of record. It is not 
possible, in the same formal way, to do justice 
to Dr. Work’s truly attractive personality. He is 
cooperative, sympathetic to the ideas of others, 
and completely unselfish of his time. His honesty 
and integrity are wholly beyond question. He is 
eminently practical, congenial, and a good mixer. 
He possesses all the qualities of a real leader. 
Although we have listed his professional achieve- 
ments as references for the office of Vice-President 
of the American Society for Metals, we endorse 
him equally strongly because he is truly a 
gentleman.” 

That having been said, the present biographer 
feels that his pleasant task is completed. For the 


record a lot more might be added, probably, to 


the effect that Harotp KNowLron Work, currently 


President of the American Society for Metals, was 
born on May 22, 1901, in Hartford, Conn., and in 
due time entered Columbia College in the City of 
New York, from which he graduated in 1923 as a 
Bachelor of Arts. Two years later Columbia’s 
Engineering School dubbed him a Chemical Engi- 
neer, he having fulfilled the academic require- 
ments therefor, and having acquired the Ihlig 
medal for seholarship, five honorary keys, and 
also having rowed on the 150-lb. crew. 

This was the kind of man Aluminum Co. of 
America could use, so Work entered Mellon Insti- 
tute in Pittsburgh as Aleoa’s industrial fellow 
to study the surface treatment of aluminum. 
During the next four years, 1925 to 1929, he dis- 
covered the first) practicable method of electro- 
plating the aluminum alloys ‘(incidentally 
receiving his Ph.D. from the University of Pitts- 


burgh). Later on, with Aleoa, he did outstand- 
ing and important work on anodic treatments and 
the “alumilite” process, becoming expert in’ the 
broad field of surface finishes for aluminum and 
its alloys. 

1925, 1936, and 1949 are important milestones 
in Haroip Work’s business career. Consider 1936, 
when Jones & Laughlin Steel Corp.'s directors 
decided that some real money should be spent in 
the study of variables in the steelmaking process, 
especially their influence on the quality of the 
product —- common, ordinary carbon steel. Here 
was a central idea, excellent in itself, but valueless 
unless translated into a specific program carried 
through by a competent staff. First was the job 
of finding a director of research, and Harowp 
Work was the choice, not because he was a steel 
expert (possibly a steel “expert” would have failed 
to see the things that could be done because he 
knew so many things that couldn't be done) but 
because he had solved some tough chemical and 
physico-chemical problems concerning another 
metal. He had the inquisitive approach, a compe- 
tent scientific background, abounding physical 
energy, demonstrated leadership. 

The history of his next 13 years is the history 
of J. & L.'s research and development division. 
First a central laboratory had to be built) and 
manned. Next a 4-ton openhearth furnace had 
to be designed, built and instrumented. No less 
difficult, the melters had to learn how to operate 
it so as to parallel the action of a big openhearth, 
despite the fast changes in the shallow’ bath. 
Results certainly exceeded expectations; a few 
specific achievements include the discovery of a 
superior steel for deep drawing, an improved steel 
for drill pipe, and several alloy steels for special 
use by Army Ordnance. 

The research team also had as a prime objec- 
tive the study of the bessemer process then all 
but neglected by metallurgical science, and wan- 
ing in importance in the American industry As 
a result of intensive plant work, bessemer control 
by educated eve has been supplanted in all J. & L. 
plants (and in many others) by photocells which 
record instantaneous and quantitative changes in 
the flame. a difficult subject 

also came in for serutiny. It was found that 


Nitrogen in steel 


nitrogen was swept out of a high-carbon open- 
hearth melt if the carbon was worked down very 
rapidly; a nonaging sheet steel resulted. A duplex 
process for controlled nitrogen steels was devel- 
oped. The side-blown converter was studied; it 
ean make a low-nitrogen steel, and runs so hot it 
absorbs 40 of cold metal in the charge even 
more, if blown with oxygen-enriched air. 


Nor were the activities restricted to steel- 
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making. Close attention was given to the raw 
materials, working back through the blast furnace 
process, to the sintering of fines, to proper prepa- 
ration of ore from Michigan and New York State, 
and finally to a new laboratory in Negaunee to 
study low-grade magnetites from the Iron Ranges. 

This is a record of diverse achievement 
indeed. One of Dr. Work’s principal associates 
characterized the plan of operations thus: “We 
usually started with a suggested idea sometimes 
it was pretty vague —but we would then work 
out a plan of study. After we had discovered the 
facts, we had to decide whether changes should 
be made in steelmaking operations. Then came 
the real job of getting the information into the 
plants and into the minds and reflexes of the 
operators. Dr. Work always liked the hard jobs; 
to his staff members he was uniformly genial, 
sympathetic and encouraging, ruling principally 
by example. His technical conversation was 
always full of enthusiasm for the accomplish- 
ments of his associates.” 

The latest milestone in the business career of 
HaroLtp K. Work, president ©, is his appointment 
at the beginning of this year as director of the 
research division, College of Engineering, New York 
University. Organized like the better known proto- 
type at Ann Arbor, New York University has some 
115 full-time researchers and 40 faculty mem- 
bers working part time. (Considering the budgets 
of such organizations in a few colleges and uni- 
versities, this matter of “sponsored research” has 
Much of the cur- 
rent program is beyond the field commonly occu- 
pied by an engineering college and has to do with 
the relation of men and machines — truly a diffi- 
cult field of endeavor, but just the thing for the 
clear-thinking inventor of aluminum electroplating 


indeed grown to big business. 


process and photocell bessemer control. 
The only thing that bothers this biographer 
himself a graduate commuter is how HaroLp 
Work ts going to harmonize his principal hobby 
to his new environment. <A gardener of better- 
than-average ability, his wartime farm was a 
matter of neighbors’ envy, going far beyond the 
ordinary vegetables into fruit trees (specially 
grafted a-la-Work), and later a riot of flamboyant 
gladioli. He surrounded the J. & L. laboratory at 
Hazelwood, across the street from a smoky steel 
plant, with velvety lawn less I suspect to 
demonstrate to complaining residents that green 
things can grow in a mill town, than to express 
his love for the outdoors. At any rate, the 
grounds-keeper was once accosted by the passing 
priest. “That's a fine lawn the Lord and you have 
grown, my son.” “Yes, father,” he replied, “but 
you should have seen the place when the Lord 
Was going it alone!” 
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Diagram of French 10-Kw. Reactor, Using Bars of Sin- 
tered Uranium Oxide Immersed in Heavy Water for 
Moderator. Relative dimensions are purposely distorted 


Np tte ISSUE of the quarterly journal 
L ffomes (Feb., 1949) commemorates the compl 
tion of the first stage of France’s atomic energy 
program, With special articles by Frederick Joliot 
Curie, chairman of the Atomie Energy Commission 
Eugene Le Meur, chief mechanical engineer; Maurice 
Surdin, chief electrical engineer; Bertrand Gold 
schmidt, chief metallurgist; and an interview witl 
L.. Kowarski, technical director for the Commission 

Most of the French scholars who were studying 
nuclear fission went to England in June 1940, tak 
ing with them their supply of heavy water, and 
later participated in the Anglo-Canadian project 
the forerunner of the American activities The 
supply of commercial black uranium oxide (U,O0x 
96 to 97% pure, was hidden at Maro 

The refugee scholars were reassembled ear 
1946, following the passage of the nationa 
establishing the French Atomic Energy Commissiotr 
‘*We started out almost from zero on the first stag 
of the development, the construction of a 10-kw. pil 
ising uranium oxide and heavy water | nicknamed 
Zoé|, <Aetive work on this required 15 months 
labor of some 400 people; the pile began operating 
on Dee. 15, 1948. The second stage of the Frencl 
program, planned for completion in 1953, is’ the 
construction of one or two piles of medium power 
eyelotrons and other accelerators, and a large cente1 
for nuclear studies at Saclay. The third stage to 
follow will be the design and construction of a 
power-producing pile. Coneurrent with the work 
of 1947 and 1948 was the training of technicians 
and the search for uranium deposits in Frenel 
territory. The small pile now operating will make 
radioactive isotopes for biological uses and for sei 
entific and industrial research, provide means to 
study the materials of construction required for the 
larger reactors, and train technicians.’’ Joliot 
Curie 
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The French Nuclear Reactor 


On being que stioned about reasons for adopting 
the general in the accompanying 
sketch, M. Kowarski said A chain reaction can be 
maintained with uranium if heavy 
a moderator rather than purified carbon 
furthermore, uranium oxide 
than can be 
Heavy 


shown 


design 
less water® 1s 
used as 

more easily prepared 
for the 
simplifies the cooling problem 
piping a coolant into and of 
The necessary piping would be bulky 
pile larger) and introduce serious and 
as yet unsolved problems of corrosion and neutron 
Even in the construction of this low 
temperature pile (which must operate at less than 
the boiling point of the heavy water) all our trou 
bles were in the technical field rather than in the 
scientific. So far, have been independent of 
for materials and equipment; we 
have purified the necessary carbon; in fact, we hope 


metal used energy source. 


also 


ol 


water 
the task 
the rea 


making 


over out 
tor 


the 


absorpt ion 


“en 
foreign sources 
to be able to export radio isotopes and certain spe 
cialized electrical equipment in the near future.’’ 

‘*From the mechanical viewpoint, the pile is 
simply a of heat.”” {[LeMeur| ‘*The tem 
perature achieved by a chain reaction is unlimited 
in our pile the heat must be taken out as fast as it 
is produced, to prevent vaporization of heavy water 
All details must be arranged with the idea that 
access Within the pile is impossible; all parts that 
must be periodically replaced, such as the uranium 
bars handled control. Joints 
and openings must be as tight as possible and have 
of harmful 


source 


must bye by remote 
barriers to 
Materials 

indefinitely 
pheric humidity 
‘The 
construc 


uM k IS ma 


prevent leakage 
must be rigorously clean and 
of or finger marks, 
itself, constitute impurities. 
necessary purified carbon is not a mate 
bolts or mortar cannot be 
hined to very 
tools cannot be 


radiation. 
kept 


atmos 


SO 


' 
oil 


traces 


tion used 


close tolerances 


Certain carbide used, for their infin 
igments will form intolerable impuri 
| however, is required to avoid 
The earbon 
! a lubricant, 
from machine 


itesimal fr 


dust is 
and 
bearings and the machin 
cannot walk on the 

The tanks and piping must be 
trace 


an 
must be 


vs. Obviously 
laid 
free from every 

humidity. To 


tion equ pine nt 


erectors 
beds already 
of water from atmospheric 
insure this, we have special desicca- 
Pumps cannot be oiled Every 
precaution is taken to avoid loss of precious heavy 
wate r 
Control is discussed by M. Surdin. ‘‘The safety 
which contain neutron-absorbing elements like 
boron or are 


positions, either stop 


bars, 
cadmium normally set in one of two 

when immersed in the heavy 
water) or go (when completely out, as shown in the 
sketch Between tank and carbon wall are similar 
regulator plates, adjustable in elevation to 0.5 mm. 
through servomechanisms. A steady state of the 
chain reaction is achieved by the proper relationship 
between level of heavy water surrounding the ura 
nium and level of the regulator plates. 

Activity of the pile is measured by five ioniza 
tion chambers, whose electrical response is propor 


the 
time. 


1o of neutrons ré 
in unit are interlocked 
valves; two measure and record the 
last and most 
in power level from the 
with the re culating plates 
‘*Any failure in the ele 
this equipment would 
Finally, to protect 
out the building 
gamma and other 


number 
Two 


tional aching them 
with the safety 
power level; the 
measures the variations 


and is interlocked 


sensitive one 


set point 


trical eu 
the bars 
equipments through 
the level of 
Numerous other safety 
for example, the pump 
restarted 


its serving 


releas safety 
personne] 
detect and 
radiations 
installed 


operates for only 


register 
devices are main 
1) sec., and must then be 
by the chief « perator.”’ 

M. Goldschmidt, deseribing th 
rods, notes that the brown oxide UO 
easily refined than the metal 
successfully used in the first 
supported a chain reaction As described in the 
‘Smyth Report’’, this contained 12,400 lb. of ura 
nium as metal lumps and oxide lumps distributed 
through a 


uranium oxide 
is much more 
Likewise it was 


American pile that 


mass of pure carbon acting as moderator, 
and operated up to a power level of 200 watts 

of commercial U,Os is based on 
the fact that uranyl nitrate is one of the few nitrates 
soluble in ethyl ether, and UQs» is one of the 
peroxides insoluble in acid solutions 
involve taking a batch of black 
into solution in nitric acid, cyclic 
ether and re-extraction by 
nitrate into UO, by precipitation with H.O., econ 
verting UO, to UO, by heating at 300°C., and 
finally to the brown oxide UO by hydroge n reduc 
tion at 690°C, This temperature is quite critical 
650" the brown oxide is pyrophoric 
reoxidizes in air; above that temperature it 
to frit and the granules are difficult to 
coherent bars.* 
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water, transforming 
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surgical 
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plant contains all 
the explosion hazard 
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the 


safety 


process ¢ be 
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*Heavy water is H.O wherein the hydrogen is 
heavy isotope (weight 2) rather than the lighter isotope 
(weight 1). All natural water contains 0.02% of it. 
It is ordinarily concentrated by electrolysis, using the 
principle that when water is split into hydrogen and 
oxygen the light isotope is the one evolved. 

+Evidently the UO, must be cooled, compressed into 
bars, and the bars sintered under protective atmospheres. 

tAssuming 9 months’ capacity to 
Zoé, the 10-kw. pile should contain tons 
uranium metal as oxide. 
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The Light 


Metal Picture 


. 
I ROM a structural and engineering standpoint, 
the “light metals” are alummum and magnesium. 
Actually, sodium, potassium, lithium, calcium, 
barium, strontium and beryllium are also “light” 
metals as compared with iron, copper, lead or zine, 
but their physical and chemical properties make 
them unsuited for engineering purposes except 
as constituents alloved in very small amounts with 
the more common metals. They will, therefore, 
not be considered in this discussion. 

One of the things of basic importance in this 
light metal picture is the comparative youth of 
the metals involved. Commercial production of 
aluminum by the present process began 60 years 
ago; While there was some production by chemical 
methods before that time, the amount was so small 
and the cost so high that the price was at least 
S5.00 a ab.. so the uses were of the jewelry store 
variety. Magnesium is even younger, commer- 
cially, than aluminum. On the other hand, the 
other metals suitable for engineering purposes 
have been produced and used for centuries 
some of them for thousands of years so that 
their technology, properties and uses were well 
established and = their markets well developed 
when the light metals appeared. Therefore, these 
new metals have had to go out and build (Cor 
capture) markets wherever they could, in compe- 
tition with every type of material from paper to 
stainless steel. This involved not only the devel- 
opment of a technology of producing the metals 
and their alloys in every commercial form, and 
their adaptation to the demands of customers, but 
also the selection and development of the best 
allovs and products for a tremendous variety of 
uses, the development of fabrication technique and 


By Francis C. Frary 
Director 
fluminum Research Laboratories 
New Kensington, Pa. 


detailed information on the prop- 
erties and behavior of these prod- 
ucts under a variety of conditions, 
and the education of the metal 
fabricating and consuming indus- 
tries in the methods and advan- 

tages of using these products. 
From the production stand- 
point, the light metals differ funda- 
mentally from the heavy metals in 
having a very much greater chem- 
ical affinity for oxygen and other 
nonmetallic elements. While most 
of the heavy metals can be easily 
reduced from their oxides by carbon, discarding 
in the slag most of the impurities present in the 
ore, the commercial production of aluminum o1 
magnesium involves a preliminary quite complete 
chemical separation of a compound from most 
of the impurities present in the ore. In the case 
of aluminum, substantially chemically pure oxide 
containing less than 0.02 each of silica and 
iron oxide, and only a few thousandths of a per 
cent of titanium oxide must be produced as the 
first step in the extraction of the metal. In the 
case of magnesium, high-purity magnesium chlo- 
ride must be produced from brines or sea water 
or by chemical reaction upon dolomites or mag- 
nesite. Heavy metal or siliceous impurities are 
reduced more easily than the light metals, and 
therefore contaminate the product The wartime 
process of producing magnesium from ecaleined 
dolomite and metallic silicon, by thermal distilla- 
tion in a high vacuum, is an exception to these 
statements, but it is not at present commercially 
competitive with the electrolytic chloride process. 
Since direct smelting with carbon is impos- 
sible, the light metal industry finds itself requir- 
ing for this purpose large quantities of electric 
power, Which is an inherently expensive source of 
This power, to the amount of 8 to 10 
kw-hr. per lb. of metal, must be used directly in 
the electrolytic process (or indirectly in the pro- 


energy. 


duction of metallic silicon or ferrosilicon for the 
thermal magnesium process). [It is a fundamental 
and large item in the cost of production, and a 
limiting factor in the tonnage which can be pro- 
duced under present conditions. 

The gradual development of the light metal 
industry and its acceleration by the late World 
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War are given in Fig. 1, which shows 
the production of primary and_ see- 





ondary aluminum since 1910 and the 


primary production of magnesium. In (n up-to-date account of the distribution 

1938, when the aluminum industry , ; , ; 
: : of aluminum capacity in the United States 

celebrated its 50th anniversary, pro- ’ 

duction of primary metal had reached and of recent trends in world production. The 


a peak of almost 145,000) short tons recent anomalous situation is discussed, where 
ver annum, and there were about 2000 , ‘ , ' 
I 3 a shortage of metal existed in an industry 
known uses for the metal. With a ; ; : 
productive capacity rated at 181,000 whose producing capacity was vastly increased 


tons per annum and a metal stock on over prewars, and whose principal wartime 
hand equal to approximately two years’ ‘ , : 

- oer =P ; customer was no longer buying. Indications 
sales, the industry in the United States : 


faced the rapidly growing demand with are that other nonferrous metals will feel com- 
‘ ‘ ’ 5 bay ‘ 


confidence. petition sharpest from the light metals, 

Then came the war, with require- whereas iron or steel will be replaced cally for 
ments for increased production of alu- : ; rt 
minum and magnesium far in excess uses where the engineering properties of the 
of those faced, percentage-wise, by any heavier metals are inadequate for the required 
other metal. As the war clouds began 


performance. 
to gather, the Aluminum Co. of Amer- 








ica sensed the coming needs of 





the aircraft industry, and started a 
300,000,000 expansion program in new 
capacity for the production of bauxite, alumina, come into operation in 1942. Large increases in 
carbon electrodes and aluminum, and the fabrica- productive capacity were also made by the Cana- 
tion of strong alloy products required for aircraft. dian industry (also with government assistance), 
Aleoa’s producing and fabricating capacity, thus so that during the vears 1940 to 1945, inclusive, 
augmented, furnished the material for the Ameri- the Canadian plants made over 36° of the greatly 
can-built planes that helped turn the tide in the enlarged North American production. 
Battle of Britain. Further large additions to the Primary production capacity in the United 
producing and fabricating capacity were then built States was increased six-fold, from 181,000) tons 
largely with government money) and began to per annum in 1939 to 1,162,000 tons in 1943, as 
compared with a 10° inerease in the steel indus 
1000 try and 50° in the copper industry. The rate of 


Annual Capacity in 1943: | if increase in actual production was great enough 
_14,162,000 Tons Primary ingot 








so that at no time was there any real shortage of 
aluminum for military purposes, although for 
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a gnome several years there was very little aluminum 
Total Economical | | aa 
Capacity Jan. 1, 1949 available for civilian use. The final capacity was 
. rr in excess of military needs; some of it, in uneeco 
nomic locations, was never pul into operation 
The peak production of war years had been 
+ + +--——-+___( made possible only by the use of expensive 
Primary Aluminum Productio standby or marginal power. Consequently, when 
{ ° . 
ee 4 {+1 . the 
Secondary Aluminum. 


+ + 


war ended, four of the government-owned 


Thousands of Tons 


reduction plants were permanently closed because 
they were economically noncompetitive, and five 


Magnesium J 
9 ite" } = more were temporarily closed until they could be 
\ 


sold or leased. With the greatly increased compet 


itive capacity and the tremendous amount of wat 








scrap available to produce secondary metal, pre- 
1950 dictions were freely made that aluminum would 
be a drug on the market. The military and air 





Year 


big. 1 fluminum and Magnesium Produc- craft demand, which had taken about 90°) of the 
tion of Ingots in the United States Since 1910 wartime production, was reduced to nearly zero, 
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but the backlog of civilian needs, shortages of 
other metals, and widespread fabricating experi- 
ence with aluminum obtained during the war 
period, combined to produce such an increased 
demand as to consume the accumulated scrap and 
current production within a couple of years. <A 
world shortage of aluminum developed! In spite 
of extensive importations, American consumers’ 
demands could not be met, and customers had to 
be placed on voluntary allocation during 1948. 
It is hoped that this situation may be relieved 
during the coming months. 

In the allocations necessary in 1948 for fair 
play, every effort was made to take care of estab- 
lished uses and old customers, and to avoid intro- 
ducing the metal into new uses where it was 
normally uneconomical and only temporarily 
desired because of the unavailability of some othe 
metal. Many promising new uses have been held 
in abeyance (or developed on a strictly limited 
scale) because of the metal shortage; so that with 
any easing in the metal situation, the aluminum 
industry should be in a position to actively culti- 
vate many new fields where it has economic 
advantages over its competitors. 


Fig. 2 fluminum Production Capacity in 
U.S. as of Jan. 1, 1919, Totals 612,615 Net Tons 
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Table 1— World Production of Primary 
Aluminum Ingot 
(No Russian figures available) 

COUNTRY 1939 1947 
United States 163,000 494,000 
Canada 82,600 297,000 
France 57,800 58,700 
Germany 215,000 None 
Italy 4 11,.700* 
Great Britain 27,500 32,400 
Switzerland 30,800 22.000 
Norway 34,400 23,900 
Others (except Russia) 9,700 8,300* 

Potals HSS 400 048.000 net tons 


*1946 figures 


Capacity for Magnesium Ingot 


Magnesium underwent an even greater per- 
centage expansion, chiefly because of its use in 
incendiary bombs. A much larger proportion of 
the plants built were uneconomical, either because 
of their location and raw material costs, o1 
because of the type ol process employed Under 
the stress of the war emergency it was necessary 
to choose (for many of the plants) a process 
which permitted quick construction and required 
a minimum amount of new electric power. Loca- 
tion therefore gravitated toward unused or non- 
strategic power already developed. The thermal 
reduction plants were unable to go far enough 
in the development and improvement of their 
process and equipment to compete with the oldet 
electrolytic process 

Except in aviation, wartime uses of mag 
nesium did not have a very great effect in improy 
ing or broadening the peacetime market Thus, 
the recovery of magnesium production since the 
war, under the handicap of a large metal stock- 
pile, has been quite slow. The aluminum shortage 
has impelled the light metal industry to divert 
as much business as possible from aluminum to 
magnesium, but inherent technical difliculties 
have limited this diversion in spite of the large 
amount of idle capacity for producing primary 
magnesium economically. Progress has, however, 
been sound and steady, and the magnesium indus- 
try looks forward to an increasingly bright future 

The changes in the magnitude and distribu- 
tion of the world production of aluminum, brought 
about by the war, are shown in Table I, which 
compares the 1939 and 1947 production figures 
of the different countries. In preparing for the 
war, the German industry (largely owned by the 
German government) had pushed its output up to 
34.2% of the world production by 19389. In 1947 
German plants made no primary metal, but a 
sinall amount of production was reported in 1948. 
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Table I1— Aluminum Distribution by Industries 
(Alcoa shipments, 1946 to 1948 inclusive) 
To Fabricators 
Building products 
rransportation 
Cooking utensils 
Household appliances 
Power transmission 
Machinery 
All others 


The United States production increased from 
about 25% of the world total to about 52%, while 
the Canadian production increased from 12.5% 
to a little over 31° of the world total. The domi- 
nant position of the North American industry is 
clearly apparent 


Disposal of American War Plants 


After the war was over, the government 
refused to sell or lease to Aluminum Co. of Amer- 
ica any of its economically operable aluminum 
plants which Alcoa had built’ without profit. 
Instead, two of these plants were leased to the 
Reynolds Metals Co. and two to the Permanente 
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Shipments of 


Metals Corp. The resulting distribution of 
capacity in the United States as of Jan. 1, 1949, 
is shown in Fig. 2. Since then, the Niagara Falls 
plant has been permanently closed and Alcoa is 
constructing a 57,000-ton plant near Port Lavaca, 
Texas, which is slated to start production toward 
the end of 1949. The Reynolds Metals Co. is 
reported to be making arrangements for additional 
power at Jones Mills, which will double the capac- 
ity of that plant. The net result of these changes 
when they are completed will be to increase 


1200 


Reynolds’ capacity to 31.4% and reduce that of 
Permanente to 18% of the total United States 
production. 


Channels of Consumption 


Metal products are generally classified as 
either wrought or cast. Figure 3 shows this clas- 
sification for aluminum products for the years 
1942 to 1948, inclusive, whether derived from 
primary or reclaimed metal. It will be noted that 
20 to 25% of the market for finished aluminum 
products is in the field of castings. These are 
largely made of secondary metal and comprise 
sand castings, permanent and semi-permanent 
mold castings, and pressure die castings. The 
wrought products include sheet and plate, rod, 
bar and wire, forgings, structural and architee- 
tural shapes, tubing and foil. 

\ market analysis (Table IL) based on Alcoa's 
shipments of aluminum products for the years 
1946 to 1948 inclusive shows that the largest 
amount went to fabricators for further processing 
25), while the construction and transportation 
industries together took nearly one third of the 
shipments. Instead of the 2000 uses of 1938 there 
are now more than 4000 known. 
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fluminum and Magnesium Prod- 


Figure 4 shows the distribution of United 
States shipments of magnesium products from 
1942 to 1948. Figures for wrought products in 
the first two years are not available, but if known 
probably would be of the general order of those 
in 1945 and 1946. Sand castings, permanent and 
semi-permanent mold castings and pressure die 
castings supplied most of the business during the 
war years, but the production of sheet, plate, 
extrusions and tubing makes up more than one 
third of postwar production. The limited resist- 
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ance to corrosion (which interfered with the use 
of magnesium in the earlier years) has been 
largely overcome, foundry technique has been 
improved, and the cost of making both castings 
and wrought products decreased in recent years. 
The excellent machinability of magnesium its a 
very useful characteristic to supplement its low 
density (one fourth that of iron), in its bid for 
markets 


Present Competitive Situation 


The present production of aluminum is lim- 
ited by the lack of available power at a suitably 
low cost. Many million more pounds would have 
been made and sold in 1948 if more power had 
been available. Contrary to many statements, the 
ore situation is excellent. Ultimately it is unlim 
ited. There is about twice as much aluminum 
in the earth’s crust as there is iron, and the supply 
of magnesium in the ocean and in the dolomite 
and magnesite deposits is simply tremendous. 

The cost of the necessary chemical treatment 
of the ore, and the higher cost of labor involved 
in the relatively small production units are unfa- 
vorable factors in comparison with iron and steel 
In contrast with a 1000-ton blast furnace, a large 
aluminum electrolytic cell absorbing 50,000 
amperes of electrical current) produces about 750 
Ib. (repeat, pounds) of aluminum per day. It is 
clear, therefore, that the competition of aluminum 
and magnesium with tron and steel must be based 
on special physical and chemical properties, rather 
than merely on price pet pound 

In competition with the other nonferrous 
metals, the light metals are on a much more 
favorable cost) basis Actualivy, the volume ot 
aluminum produced and sold in 1946 to 1948 was 
greater than that of any other nonferrous metal. 

As compared with iron and steel, the light 
metals are characterized by a low modulus of 
elasticity, high thermal and electrical conductivity, 
and excellent resistance to corrosion under most 


conditions. Their much lower 


melting point 
involves a more rapid loss of strength at mod- 
erately elevated temperatures, but when the tem- 
perature is reduced they continue to inerease in 
both strength and ductility down to liquid air. 
At —3820° F. the increases in tensile strength and 
elongation range trom 10 to 100 depending on 
the allov and temper, 

The reduction tn strength at elevated temper- 
atures is not oan unmixed disadvantage, for it 
favors the manufacture of complicated shapes of 
even the strongest alloys by extrusion at tempera- 
tures where dies of special Steels are still strong 


enough to withstand the necessarily high = pres- 
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sures. Such shapes have opened up large markets 
for both aluminum and magnesium. It is also the 
low melting point of these metals which enables 
the production of pressure die castings and _ per- 
manent mold castings, using steel molds, and it 
facilitates the production of sand castings 

With their total world production of only 
about one million tons per year, the light metals 
are obviously not a serious threat to steel tonnage, 
although they compete with and take business 
from steel in certain special fields. In the non- 
ferrous field, the fact that aluminum and magne- 
sium producers have been able to reduce their 
prices during the war years, while their competi- 
tors have had to increase theirs, places the light 
metals in a very much more favorable competitive 
position. The prospects for continued growth of 
the light metal industry seem, therefore, to be good. 

The principal present obstacle to such growth 
is the shortage of suitable low-priced electric 
power for the production of the increased amounts 
of metal which seem sure to be needed. The 
intensive research and development work which 
the light metal industries have had to do, in order 
to develop to their present status, gives them a 
good background of information and experience 
on which to base further progress and growth in 
the highly competitive metal markets of the 


future. S 


Fig. 5—- One of Seven Towers for Scrubbing Gas 
From Kilns in Plant Erected by Alcoa to Improve 


Recovery of Aluminum From Wartime Bauxite 








Critical Points 


By the Editors 


Chemical and Metallurgical Engineering 


| © your corrosion tests get fouled up because 
the glass beaker dissolves faster than the 
But that’s what 
happens when tantalum is immersed in some 


metal specimen? Probably not. 
acids. This information comes from L. F. Yntema, 
director of research for Fansteel Metallurgical 
Corp., who recently showed us the workings of 
Fansteel’s plant in North Chicago. Dr. Yntema is 
not especially interested in the corrosion of glass, 
but he is concerned with the chemistry and metal- 
lurgy of tantalum, columbium, tungsten and 
molybdenum. 

Just now, the fabrication of molybdenum is 
R. W. Yancey, 
chief metallurgist, exhibited an &-ft. length of 


receiving considerable attention. 


'<-in. molybdenum tubing drawn down to 0.030-in. 
wall; and a 2-in. tube with 4,-in. wall, 43 in. long, 
has been made by hot extrusion.) 

Tantalum, used in electronics and in chemical 
equipment, melts at 5425° F. It is also refractory 
in the sense that it is difficult to refine. The win- 
ning of tantalum at Fansteel involves crushing the 
concentrated ore, dissolving it in molten caustic 
soda, leaching, washing, digesting in hot HCI, 
decanting, dissolving in HP, filtration, evaporation, 
erystallization, drying, dissolving in’ fused salt, 
All this to get 
tantalum powder for processing by the metal- 


electrolysis, grinding and drying. 
lurgical department. Throughout these chemical 
operations, control is directed toward obtaining 
final powder of a size and purity that will satisfy 
the metallurgical requirements of pressing, sinter- 
ing and tabricating Where else could be found 
such close harmony between chemical and metal- 
lurgical engineering? 

Where else? 
at the Illinois Institute of Technology we wit- 


Well, in Chicago, the next day, 


nessed the dedication of a new building for Metal- 
Here also the 
two sciences are close together. But here the 


lurgical and Chemical Engineering. 


product of the Chem. Engr. Dept. doesn’t go to 
the Met. Dept. tor final molding and polishing! 
We admired the simple, functional beauty of the 


new building, and observed that the metallurgical 


students and faculty, under the direction of Prot 
Otto Zmeskal, have done a lot of work there 
already. Also noted that the principal adminis- 
trative offices of the Institute are on the same 
floor as the classrooms and _ laboratories of 
Metallurgical 


Whether in a technical institute or an industrial 


the Department of Engineering. 
plant, it’s good to see a close relation between 
metallurgy and management. Metallurgy and 


management the phrase has a nice lilt to it! 


Taxes Versus Wages 


A Timken Rolle 
D0th 


anniversary by escorting thousands of 


Bearing Co. celebrates its 
customers and other friends through its properties 
at Canton and Gambrinus, Ohio, it is evident that 
the management is willing to let the plants speak 
for themselves as the source of excellent mechan- 
ical bearings, and spends its efforts in impressing 
the visitors with one important business fact that 
could only be conveyed by placards erected at 
every turn and stencilled on the pavements 


FeperaL Income Taxes Are Prerry Hicu 
$58,179 Eacu Day TO WASHINGTON 


Numerous signs in various departments bring the 
matter home more directly. Thus, over a battery 
of reheating furnaces in the blooming mill 
hese furnaces are out-of-date and need 
replacing. A modern installation would cost 
£350,000. That represents our Federal taxes for 
six days. We are not financial magicians Wwe 
can't have both 
Even the most casual inspection by a_ tech- 
nologist reveals the large number of ingenious 
automatic feeding devices at various machines. 
We were told of a pilot plant at Bueyrus, Ohio, 
where the necessary machine tools are so inter- 
linked that the bearing parts are hardly touched 
by human hands from the time the bars are fed 
into the automatics until the mailman calls for 
the sealed, addressed and stamped package! 
Labor saving, in the steel melt shop, has also 
gone to the extent that all brick, electrodes, and 
packaged ferroalloys are racked on pallets by the 
shipper (or palletized as unloaded) and handled 
at Canton in jig time by lift’ trucks. Harry 
Walther, melt shop superintendent, during a 
privately conducted side-trip pointed out the 
improvements resulting when electric furnace 
roofs are built of special shapes exclusively. The 
12-in. brick that constitute the haunches of the 
dome are all “keys” tapered in two directions 
and accurately curved to fit the adjoining rings. 
The crown, containing the three electrode. holes, 
is of deeper blocks, each one accurately shaped 


according to definite plan so that the top area is 
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flat and horizontal, for close fit to the electrode 
coolers. A dome of this sort for a 25-ton Heroult 
furnace can be fitted by two men in one day (one 
third the time required to secutch “standard” 
bricks to fit). Such roofs, laid dry, need no long 
drying period; their life is increased about 20%. 

Another point: Walther believes that silica 
dust raised in handling dry brick causes silicosis, 
so all silica brick are oiled a practice he thinks 
is worthy of adoption by the brickmakers. 


Observations at 
Pratt & Whitney Aircraft 


Y THAT does a “Chief of Engineering Opera- 
tions” do? It’s a rather unusual title, and 
Paul Eddy (one-time member of Metal Progress’s 
editorial advisory hoard), who now holds that posi- 
tion at Pratt & Whitney Aircraft’s enormous 
engine plant at East Hartford in Connecticut, 
spent most of a day explaining and exhibiting his 
domain to the editor. It requires about 4000 men, 
one quarter of the entire working foree, for 
administration, materials control and develop- 
ment, inspection, and manufacturing and testing 
experimental engines and parts (either variants ot 
engines in production or entirely new designs). 
Experimental manufacturing is completely inte- 
grated and in itself is equivalent to a plant of 
more than average size. Design of engine 
parts is so refined and stress analysis is so diflfi- 
cult that a great variety of testing machines are 
devised for parts, subassemblies and engines, 
ranging all the way from rotating beam machines 
for conventional fatigue specimens, through dyna- 
mometers attached to gear trains, to a multi- 
million-dollar laboratory for testing compressors 
for jet engines. Work does not stop here, for 
United Aireratt Corp., Pratt & Whitney's parent, 
operates a wind tunnel, and a modern airfield, the 
home of various flying “laboratories”. Instru- 
mentation on many of these subassembly tests is 
so complete that wiring and hydraulic connections 
resemble a model of the human nervous system 
Pratt & Whitney Aircraft, immediately afte 

the war, brought back to East Hartford the activi- 
ties remaining in its scattered wartime units. 
Atter years of development, production was just 
getting under way on the “Wasp Major” engine 
with 28 radial evlinders ranged in four banks and 
developing 4000 hp. just what the doctor 
ordered for the long-range high-speed bombers. 
Alongside this production line, room had to be 
made for manufacturing and rebuilding several 
other successful smaller models. Also the jet 
engines had appeared. It was a busy year of 
reconversion at East Hartford! Making an Ameri- 


canized version of Rolls-Royce’s Nene gas turbine 
introduced the personnel to numerous entirely 
new metal working operations, especially in fab- 
ricating sheet metal combustion chambers and 
exhaust cones of hard, heat resisting alloy. As 
a footnote about time as an essential factor, it 
may be said that it took this energetic organiza- 
tion just 18 months to redesign, qualify by test, 
and produce its first jet engine 18 months occu- 
pied in reworking 1200 drawings to American 
standards and practices and making 1000 design 
changes, rearranging five acres of shop and install- 
ing 260 new machine tools, building or buying 
5300 jigs, dies, gages, and portable tools, and mak- 
ing and assembling the 1100 varieties of parts.) 

A set of assembly operations on the Wasp 
evlinder, timed like a ballet figure, was especially 
interesting. <A thin, marvelously accurate steel 
liner is slipped into a finned aluminum muff and 
screwed into a forged aluminum head; the valve 
seats, valve guides, rocker shaft) bushings and 
All these parts 
are either heated or refrigerated, the temperatures 


exhaust connector are set in place. 


and clearances being carefully adjusted to avoid 
undesirable aging effects in the aluminum alloys 
or tempering of the heat treated steels. 

The major engine parts of aluminum are now 
made of forgings rather than castings, thus avoid- 
ing many rejects for foundry defects. Further- 
more, in evlinder heads and muffs, more and 
thinner fins can be cut into a radiating surface 
than can be cast into it The cutters are the 
only ones ever seen by this observer made of cast 
iron, no less. The thin disk, carrying four carbide 
inserts, operates at very high speed; the good 
damping characteristic of cast iron minimizes tool 
breakage. Going the West-Coast engineers, 
who discovered rubber dies, one better, aluminum 
parts are formed in a “hydrostatic” die, wherein 
water forces the sheet, sealed around the edges, 
into a shaped die-cavity. Thin coatings of adher- 
ent plastic not only prevent seratches on the 
aluminum sheet but seem to lubricate the dies. 

One wonders where the ideas for new engines 
come from other than improvement, detail by 
detail. There is, of course, the urge in all the 
upper management echelons coming from the real- 
ization that no engine exists but can be improved. 
Next there is an obligation to visualize the future 
requirements of the air age, and be ready to sup- 
ply them. New engines must also be prepared to 
meet new specifications set by the Air Forces for 
advanced planes. Finally, at intervals a= rare 
genius appears (like Frank Whittle) with the 
ability to design and construct a model of a 
radically new machine, and the drive to get it 
from the experimental stage to the point of com- 
plete development. eS 
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By John Chipman 
Professor of Metallurgy 
Massachusetts Institute of Technology 
Cambridge, Mass. 


Another Look at tn tein. tenet at 


the Problem of 


Steel Deoxidation 


‘ 
S11 EELMAKING, from the chemist’s viewpoint, 
is a succession of oxidations and reductions. At 
the very start, iron oxide of the ore is reduced by 
carbon in the blast furnaces, and several othe 
elements are also reduced along with the iron 
These and the excess carbon must be removed in 
the openhearth by oxidation, and, finally, the 
unavoidable excess oxygen must be reduced. This 
last step is called deoxidation. There are several 
reasons Why deoxidation is necessary, which very 


briefly may be stated as follows: 


1. To stop the carbon-oxygen reaction so as 
to hold carbon at a desired level. 

2. To keep this reaction stopped or controlled 
so that, on freezing, no gas is evolved or the 
right amount of gas is evolved to produce the 
desired kind of ingot. 

3. To control certain properties of the finished 


steel. 


In practice, deoxidation is accomplished by 
the addition of various substances called deoxi- 
dizers. These are all elements whose oxides are 
more stable than iron’s. The addition of such an 
element may affect the oxygen in the metal either 
by diminishing the amount dissolved in the steel, 
or by rendering that which is present less active. 
In the early development of deoxidation theory, 
it was only the first of these effects which was 
seriously studied, and it is unquestionably true 
that the actual removal of oxygen from the bath 


deoxidizers. But recent investi- 
vations have also shown that the 
second effect cannot be over- 
looked, because the presence of 
certain elements may have a 
pronounced effect upon the 
activity of the oxygen which 
remains in solution in the steel 
bath. The first effect is simple 
and straightforward, and is pre- 
dictable from thermodynamics. 
In a qualitative way, the second 
effect was predicted by Zapffe 
and Sims' in their discussion of 
monoxides in steel. It is not well 
understood, however, and quan 
titative data are scarce and have 
only recently become available 

It is the recognition of this 
second aspect of deoxidation which requires that 
we take a careful second look at the subject. It is 
not sufficient to know that addition of a given 
element will diminish the oxygen content of the 
steel. We must also give thought to the behavior 
of the oxygen which remains dissolved in the steel 
bath, for the presence of the deoxidizer may seri- 
ously interfere with the normal activity of this 
residual oxygen. 

Deoxidation With Hydrogen 
the very simplest case of the deoxidation of steel 


Let us consider 


by hydrogen. I call this the “simplest” because 
both the deoxidizer and the product of deoxida- 
tion are gases, and gases are fundamentally 
simple substances The deoxidizing power of 
hydrogen has been studied by bringing liquid 
metal into equilibrium with a known mixture of 
hydrogen and water vapor, then cooling the metal 
and analyzing it for oxygen. The experimental 
arrangement which Mars Fontana? and I used for 
doing this about 15 years ago consisted of a small 
crucible containing approximately 2 oz. of liquid 
iron Which was held at temperature by high- 
frequency induction in a stream of hydrogen con- 
taining a known proportion of water vapor. 
Induction heating also stirs the metal, so the 
gases had an opportunity to do their oxidizing o1 
deoxidizing very rapidly When the oxygen 
content reached a constant level, the crucible 
was lowered into the cold part of the tube furnace 
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Fig. 1 Oxvgen in Liquid Tron at 1600°. C 
Has a Direct Proportion to Ratio of u ater J apor 
and Hydrogen in Contact With It, up to a Con- 


0.22 y 


tent Representing Saturation {bout / 


or quenched), and the little ingot analyzed for 
oxygen, 
Results of these experiments shown in 
Fig. 1, where the oxygen content of the metal at 
1600° C, (2912° F.) is plotted against the ratio of 


water vapor to hydrogen. 


ure 


results 
confirmed Minu 
Dastur in my laboratory using a mixture of water 
vapor and hydrogen diluted 4 to 1 
At a temperature, therefore, the 
of the ot H.O to that 
precisely oxygen content 

at we are dealing 
pure liquid iron, not vet saturated. It should 
noted that the Fig. | terminates at 


().22 which, according to measurements of 


These early 


have recently been exactly by 


with argon. 
given ratio 
of H 
in the 
with 


be 


about 


partial pressure 


the 
long 


determines 


iron 1600" C.. so as 
line of 
Karl 
Fetters and Charles Taylor.’ represents the limit 


of solubility of oxygen in pure iron at 1600° C. 


{ection 


The Law of Mass 


Hydrogen is of no practical use in the deoxi- 
dation of steel. The data of Fig. 1 interest 
only because they show how oxygen behaves when 
it The mixture ot 
water vapor and hydrogen is useful because it is 
adjustable of 
used 
The ol 
of equilibrium 
the 
obtainable 


is dissolved in liquid) iron 


ovel a wide range 


he 


results 


oxidizing or 
deoxidizing 
ol 
to 


they 


power and 


mas as oa 


Fig. 1 


this 


vard- 


stick deoxidation 


also 
apply condition 
that 


deoxidation 


means 
of 


com- 


represent limiting condition 


with a given gas 
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AK for Experiments of Fig. 1 


Equilibrium Constant 


We shall want 
oxygen content obtainable with a 
for this it 
apply the laws of chemical equilibrium. 

The “Law of Mass Action” has been in use 
100 It tells that 
al given temperature may 
express the concentrations of the reacting sub- 
the of a 
an equilibrium constant 


position, the 


eviven 


to know limiting 


deoxi- 


dizer, and purpose, is necessary to 


for ovel years. us for equl- 


librium “any we 


stances in form constant ratio called 


For deoxidation with 
hydrogen we may write: 


H.O 
H H.O (2: 


gas) +O -A 


is 


H O 


where the symbols in parentheses represent 
the partial pressures of the gases, and the symbols 
the weight The 
that the oxygen dissolved 
in liquid iron. The fact that A is actually constant 
in these experiments at 1600° C, 


brackets 
4) 


in per cent. bar 


under indicates is 


is shown in Fig. 2. 
Effect of Temperature — The change in equi- 


librium constant with temperature has a_ very 
important application in studying the formation 
of nonmetallic inclusions during the cooling and 
the 
to 


must 


though 
the 
with 


solidification of steel mold, 
shall 


present 


in even 
it 


content 


time discuss during 


We be 
the general nature of 


we not have 


lecture. here 


an indication ot such tem- 


perature effects, using the top line of Fig. 3 as an 
illustration from the recent results of Minu Dastut 
with hvdrogen. 


on deoxidatic n 


Deoxidation With Carbon Monoxide 


The 
as that of hydrogen, so long as we consides 
the 
as above, the reaction and its equilibrium constant 


action of carbon monoxide is 


as simple 
only 


metal low in earbon Using same notation 


ure 


C0) 


C0) 
ws () co) 


-AK 


as 


CO 
H. C. 


pressure 


ie) 

The first such study made by Vacher* 
15 effects of and 
temperature were investigated by Shadburn Mar- 
shall 
metal 


Was 


some years ago. The 


Both series of results on very low-carbon 


are 


shown by the points in the lower 
Fig. 3. The 


tion line was caleulated from 
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Temperature, °C. 
1550 1600 1650 1700 1750 Fig. 3— Effect of Temperature on the Equilibrium 
T r Constants of the Reaction of Hydrogen (Above) and of 
=. = | | Carbon Monoxide With Oxygen in Liquid Lron (Below 


Fe-H,-0 System: 


Fontana Average o 600%. | 3 atmospheres or 300 psi. His experimental results 
« Samarins Average at 1700 °C. | are shown in Fig. 4, with smooth curves drawn 
ee for averages. 


On the basis of the law of mass action we 
may write: 
Fe-CO-0 System: —*| CO (gas) = € +0; K —s 
— Computed by Dastur - ; 
e Vacher 4 & Chipman ~ ] : rhis requires that for a given pressure of carbon 
Marshal! & Chipman 5 





eO 








monoxide the product “Cx “O (both factors 
54 52 representing weight per cent in the iron) should 
10/ Tap § be constant. The actual results are shown in 


Fig. 5. Instead of being constant, the 








product rises sharply with increasing 
carbon; furthermore, the higher’ the 
pressure, the sharper is the rise. 


Ligurd Iron at 1540 °C. (2804 °F) 
e / Atmosphere T 
5 « 


The results clearly violate the law 


S 
° 10 -* | of mass action. 
’ 


20 ~«- Activity Coefficient The embar- 
rassment of having a variable constant 
on his hands is nothing very new to the 
physical chemist. It has been well 


% Oxygen in Iron by Weight 


known for more than 50 years that the 


law of mass action (in the simple form 
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have used here) is at best an 





Fig. 4 Results of Experiments by 
Marshall and Chipman on Equilibrium in 
Liquid Iron at 1540° C, (2801" F.), Between 


Carbon and Oxygen at Various Pressures 


Dastur’s work, using the known’ thermo- 
dynamic properties of the gases. The good 
agreement means that this second yardstick of 
deoxidation agrees with the first. 


S 
S 
q 


Deoxidation With Carbon 


“Boiling” the bath in openhearth refining 
is decarburization with oxygen or deoxidation 
with carbon, depending upon the point of view. 
In the openhearth this reaction never gets to 
equilibrium, but in other practices it may, as 
shown by John Marsh® for the basic electric 
The equilibrium was studied by Shadburn Liguid Iron at 1540 °C. 
Marshall using a small induction furnace (2804 °F) 

: | Atmosphere 
designed for operation at pressures up to 20 ] | 


% Carbon x % Oxygen, by Weight 





Fig. 5 — Relation of |% C\ X |% O} and 4 


© C\ at Various Pressures... According to 
older theory, all lines should be horizontal 
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ib his opening remarks to this First Andrew 
Carnegie Lecture the Pittsburgh 
Chapter &, on a subject regarded as quite scien- 
tific by most metallurgists, Dr. Chipman aptly 
quoted from Carnegie’s “Autobiography” : 


before 


Looking back today it seems incredible that as 
recently as 1870 chemistry in the United States was 
an the 
It was the age nev, above 
needful in the of 
The blast furnace manager of that day 


almost unknown 


agent in connection with 
manufacture of pig iron. 


all others, most manufacture 


iron 
and steel. 
was usually a rude bully, generally a foreigner, who 
in addition to his other acquirements was able to 
knock down a man now and then as a lesson to the 
other unruly spirits under him. He was supposed 
to diagnose the condition of the furnace by instinct, 
to possess some almost supernatural power of divi 
nation, like his congener in the country districts who 
was re puted to be able to locate an oil well or water 
supply by means of a hazel rod. He was a veritabl 
quack doctor who applied whatever remedies 
occurred to him for the troubles of his patient. 

Carnegie found the chemist he wanted in 
the person of 

. and great 
... Nine tenths 


pig-iron 


secrets did the doctor open up to us. 
of all the of 
dispelled under burning 


knowledge. 


uncertainties 
the 


making 
of 


were 


sun chemical 


than 1° 
affected 
shown 


On the 
the 


Fig. 6. 


concentrations higher 


lo 


carbon, 


hand, is much 
ot 


Here, the open circles 


other by 


presence in 


as 
are average points 
computed from the lines of Fig. 5, while 
the solid the 


activity coeflicient of oxygen based on the 


circles are computations for 
same experiments but calculated from a 
the 


a graphical 


secondary 
CO, CO. 


vardstick 
This 


method of showing that in the presence ot 


namely, ratio 


figure is just 
carbon the activity of 
of 


absence of carbon. 


a given percentage 


oxygen is less than it would be in the 


the 
aspect of deoxidation noted at the outset 
The ol to the bath 
only quantity oxygen 


This is a manifestation of second 

carbon 
the ol 
remaining, but also renders less active that 
which remains the ot 
the effect is relatively small in 
and medium steels 


addition not 


reduces 
In carbon, 
the 
and, in fact, escaped 
at 


case 
mild 
detection until experiments elevated 
pressures were conducted 

Before examining the effects of othe 
elements, let us consider briefly the ques- 
tion of what causes oxygen to become less 


active when carbon is present 


Constitution of Liquid Steel 





No one has ever seen an atom of iron, 





approximation. 
constant that is really a constant, we 
quantity 


othe 


an exact 


deoxidation 


In order to write an equilibrium 
must use a 
called the activity, which is frequently 
to the 


must introduce 


not always equal concentration. In 


words, 


called 


we a correction 


an activity coeflicient which shows 


the ratio of the real activity to the percentage of 


material this 


ot 


pres nt Calling 
of the 
carbon 


coeflicient f, 


statement law mass action tor 


with IS: 


Activity of C Activity of O 
K 


Pressure of CO 


Careful analysis of the data indicates that f, 


does not differ much from unity except at carbon 


Fig. 6 {etivity Coefficient for Oxygen; Open 
Circles Have Been Computed From Marshall and 
Chipman’s Work® Shown in Fig. 5; Closed Circles 


Have Been Computed From CO,/CO Ratio 


Vietal Progres 


and IT shall not attempt to show you what 
of like. Nor I draw 
a picture showing details of the arrange 
The 
an attempt 
ol 
in 


one them looks ean 


for vou 
ment of atoms and electrons in liquid iron. 
sketches which I want to show you are 
the 


arrangement 


to represent 
the 
liquid steel. 
all 


in 


in two dimensions essentials 


ol 
the atoms are all alike and 


three-dimensional atoms 


In Fig. 7 


are iron. They are as 


not regularly arranged 


a crystal, vet this is not an entirely random 


irrangement. It is not a shotgun pattern, since no 


two atoms occupy the same space. There are only 
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a few points where two atoms come very close 
together or where a very wide vacancy exists. Cer- 
tain forces of attraction and repulsion maintain an 
average distance between atoms. Since the atoms 
are in motion, each undergoes a continual change 
of neighbors and of distances between neighbors. 
This picture is based upon various kinds of evi- 
dence, including actual X-ray measurements of 
mean distances between neighboring atoms in 
metals of lower melting point. 

Exactly how an atom of carbon or of oxygen 
fits into this arrangement is less clearly under- 
stood. In Fig. 8 I have attempted to depict two 
alternative ideas. On the left, each carbon atom 

represented by a small black circle) is bonded 

to three iron atoms forming the molecule Fe,C. 
Each oxygen atom (represented by a small open 
circle) is combined in the molecule FeO. In a 
limited number of places, a carbon and an oxygen 
atom may form a molecule of CO. 

In the arrangement shown on the right of 
Fig. 8 each carbon is bonded to all of its surround- 
ing iron atoms. The bond strength falls off with 
distance so that only nearest-neighbor atoms are 


effective. Each oxygen is similarly bonded to its 


Fig. 7 Simplified Two-Dimensional Represen- 
tation of Atomic Arrangement in a Liquid Metal 


nearest-neighbor iron atoms. When carbon and 
oxygen atoms come close together, they may share 
the bonding of nearby iron atoms, and the carbon- 
oxygen bonding may also become effective; in the 
resulting complex, it is clear that both carbon and 
oxygen are held more firmly than when bonded to 
iron alone, and the activity of each is reduced in 
proportion to the number of such complexes. In 
a steel of high carbon and low oxygen content, a 
small fraction of the carbon atoms may thus 
reduce the activity of a large fraction of the oxy- 


gen. Thus, the activity coefficient of oxygen is 
strongly reduced by the presence of carbon. 
These two alternative pictures of the liquid 
structure serve equally well in interpreting the 
equilibrium data that have been obtained. Insofar 
as thermodynamics is concerned, either may be 
right or both may be wrong; it is the actual data 
that count, such as represented by the curve of 
Fig. 6. This was my view at the time that Shad- 
burn Marshall and I published our results on the 
carbon-oxygen equilibrium. For simplicity, we 
adopted a method of calculation based on the left- 
hand part of Fig. 8, since it seemed this would be 
more easily understood. Subsequently, it has 
become evident that it is also more easily mis- 
understood, and I am ready to abandon it in 


Fig. 8 — Alternative Ideas on the Behavior of 
Carbon Atoms (Small Black Circles) and Oxygen 
“Atoms (Small Open Circles) in Liquid Steel. At 
the left are shown FesC, FeO and CO molecules; 


at right, carbon and oxygen are bonded to nearest 


iron atoms. The arrangement at the right 
seems more probable than the one at the left 


favor of concepts illustrated on the right. This 
provides an oversimplified picture which will 
require modification with the further development 
of the electronic theory of alloys, but it is adequate 
for the present discussion. 


Deoxidation With Chromium 


Chromium is not much of a deoxidizer, and 
this makes it rather useful for study. Oxygen 
contents of the liquid iron-chromium alloy, even 
in the presence of 10° chromium, are still high 
enough to be determined by the ordinary vacuum 
fusion method with a good degree of accuracy. 


Furthermore, the method which Henry Chen’ 
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used in my laboratory to study the deoxidizing 
power of chromium will also be applicable to some 
other elements. 

Iron-chromium alloys were melted in an 
atmosphere of known oxidizing power, consisting 
of a controlled mixture of water vapor and hydro- 
gen in just such an apparatus as Fontana had 
used 10 vears earlier for pure iron. Using cruci- 
bles of either chromic oxide or of the mineral 
chromite, the hydrogen begins to reduce the oxide 
if the gas is low in water vapor, thus adding chro- 
mium to the metal bath. If the hydrogen is high 
in Water vapor, it oxidizes some of the chromium 
already in the metal. Under equilibrium = condi- 
tions, the chromium content depends upon the 
ratio (HLO) (H.), as shown in Fig. 9 in the Data 
Sheet, p. 216-B. 

Using alumina crucibles, it was possible to 
work under conditions that were not sufficiently 
oxidizing to form chromic oxide (Cr.O.,) but were 
oxidizing enough to put considerable oxygen into 
the bath. The results are shown in Fig. 10 in the 
Data Sheet. Here, it is important to note that a 
given ratio of (H.O) (H,) represents a constant 
oxidizing potential a constant activity of oxy- 
gen. It is evident that the percentage of oxygen 
in the metal corresponding to a given’ activity 
becomes greater as the chromium content 
increases. In other words, the activity coeflicient of 
oxygen decreases as chromium increases (Fig. 11) 

The straight lines of Fig. 10 terminate on the 
formation of a separate oxide phase. The length 
of each line is fixed by Fig. 9, and results at sev- 
eral levels of chromium and at 1595" ¢ 2900° F. 
are shown in Fig. 12, lower left in the Data Sheet, 
p. 216-B. 


gen content of pure iron; it also represents the 


The long diagonal represents the oxy- 


activity of oxygen in any of the alloys as a fune- 
tion of the ratio (H.O) (H.). The 


each of the alloys is shown by a short straight line 


oxygen in 


terminating in an enveloping curve which shows 
the maximum oxygen in the molten alloy at any 
chromium content. 

This figure demonstrates the two aspects of 
deoxidation. If chromium merely decreased the 
amount of oxygen present, the results would 
appear as a series of points on the line for pure 
iron. The secondary effect, a decrease in activity 
of the remaining oxygen, puts the results on the 
upper curve 

The same data are shown again in Fig. 13 

p. 216-B) as a logarithmie deoxidation chart. 
The upper line represents the maximum per- 
centage of oxygen in equilibrium with chromium 
at 195°C. (2900° F.), and is the same as_ the 
upper envelope of Fig. 12. The lower line is the 


activity of this oxygen. At 10 chromium, for 


example, the oxygen content is actually 0.028 
by analysis, but it behaves chemically as if it were 
only 0.011 Its activity coefficient f, is 11 28 
or 04, which means that it has only four tenths 
of the oxidizing power (for reaction with hydrogen 
or carbon) that a like percentage of oxygen would 
have in pure iron. 


Interpretation of Results 


These experimental results could be inter- 
preted on the assumption that the oxygen = is 
present in part as FeO, and in part as CrO. Such 
an explanation leads to equations which fit the 
experimental data as well as could be expected. 
If we are going to say that oxygen in pure iron 
is FeO, then it is reasonable and consistent to say 
that the extra oxygen in iron-chromium melts is 
CrO. 1 feel, however, that these concepts are 
capable of getting us into more trouble than they 
will ever get us out of. It seems safer to speak 
simply of dissolved oxygen, and if we wish to 
distinguish between the excess oxygen which is 
present on account of the chromium and that 
which would be associated with the iron only, 
under similar conditions, we may refer to them 
respectively as O,, and O, 

Let's take a look at the possible atomic 
iwrangements in the liquid metal containing iron, 
chromium, and oxygen. In the lower right cor 
ner of the Data Sheet, p. 216-B, the circles in Fi 
14 that carry a cross represent chromium atoms, 


the open circles iron, the small circles oxygen 
In the top portion of the diagram are shown three 
oxvygen atoms, one surrounded by chromium, the 
other two by iron atoms. In the bottom portion 
are Shown three oxygen atoms, each (on the 
average) one third surrounded by chromium. 

I doubt that it would be possible to prove that 
either one of these arrangements is correct, but 
certainly the lower arrangement is) far more 
probable In either event, we would say that 
one third of the oxygen present is ©,,, the 
remainder O,.. This corresponds to the nomen- 
clature which Chen and I used in discussing this 
system in @ Transactions three years ago It 
should be noted here that the sketch, Fig. 14, illus- 
trates the results of a stronger chemical bonding 
between chromium and oxygen than between iron 
and oxygen. For, while only about one atom in 
12 throughout the solution is chromium, one out 
of three is chromium in the groups surrounding 
the oxygen atoms. This would mean that the 
activity of oxygen is reduced to two thirds its 
normal value, or f 0.67. It is equivalent to 
saying that one third of the oxygen present is O, 


(Continued on p. 217, beyond insert 


Vetal Progress: Page 216 





“FORMING OF AUSTENITIC 
CHROMIUM-NICKEL STAINLESS STEELS” 


A Detailed, Authoritative Book 





This new volume of more than three hundred 84%” by 11” 
pages describes in detail, modern forming techniques as applied 
to austenitic chromium-nickel stainless steels. Tables of engi- 
Unexpected demand has ex- 
hausted the first two printings, 
but copies of the third printing 
may now be purchased 


Contents through The International 


Nickel Company, Inc. 


neering data and more than two hundred engineering drawings 
are used to supplement the text. 


* 


MECHANICAL PROPERTIES OF CHROMIUM-NICKEL STAINLESS STEELS 
FORMING CHARACTERISTICS OF AUSTENITIC STAINLESS STEELS USE COUPON BELOW 





PROCESSING AFTER FORMING 





DESIGN, LAYOUT AND PREPARATION OF BLANKS 
EQUIPMENT, TOOLS AND LUBRICANTS 
BENDING AND STRAIGHT FLANGING 
THE FORMING OF CURVED SECTIONS AND TUBING 
FORMING OF CONTOURED-FLANGED PARTS 
DEEP DRAWING OF CUP-SHAPED, BOX-SHAPED AND RELATED PARTS 


DOUBLE-ACTION DIE FORMING OF DEEP- AND 
SHALLOW-RECESSED PARTS 


FORMING OF DEEP- AND SHALLOW-RECESSED PARTS 
BY MISCELLANEOUS METHODS 


FORMING OF SEMITUBULAR PARTS 
EXPANDING AND REDUCING OF TUBULAR PARTS 











THE INTERNATIONAL NICKEL COMPANY, INC. 
Department MP, 67 Wall Street, New York 5, N. Y. 


Gentlemen: Please send M@.........0..........Copy (copies) of “Forming of ae 
Austenitic Chromium-Nickel Stainless Steels” at four ($4.00) dollars 


per copy. 

CHECK ENCLOSED > BILL MY COMPANY Fabricators, Designers, 
YOUR NAME Engineers and Others will 
COMPANY NAME find this book valuable. 


COMPANY ADDRESS 


CITY ZONE STATE 


THE INTERNATIONAL NICKEL COMPANY, INC. icw'von 5. x. 
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You have a wide choice of 
B&W MECHANICAL TUBING 


TYPES 


GRADES 
SIZES 


QUALITY 


CONDITION 


SURFACE 
FINISHES 


Seamless (hot finished and cold drawn). 
Welded (from hot or cold rolled strip). 


Carbon, Alloy, and Stainless. 


Up to 8%" O.D. in full range of wall thick- 
nesses. 


Open-hearth, and electric furnace steels, in- 
cluding aircraft and magnaflux qualities. 


Unannealed, annealed, tempered, normalized, 
or otherwise heat-treated as required. 


As rolled, as drawn, as welded, bead re- 
moved, turned, scale-free, and polished. 
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Accuracy 
bionvenience 


| wists 


Three important advantages you'll find in the 
Bausch & Lomb Research Metallograph ...a 
product of years of research and development 
in close association with leading American 
metallurgists. Speed, accuracy and conven- 
ience that bring you all round superior perform- 
ance in visual observation and photomicro- 
graphy for research or routine production. 
You get homogeneous plane-polarized light 
over the fu// aperture of the objective. You can 
do critical work with bright field, dark field, 
or polarized light. You change from one to 


B&L Research Metallograph in use at 
Rome Cable Corporation, Rome, N.Y. 


IN MET OGRAPHY 


another quickly, conveniently. These are ad- 
vantages of the Foster Prism and illuminating 
system, an exclusive patented feature of the 
B&L Research Metallograph. 

You get clearer, sharper visual and photo- 
micrographic images .. . greater image con- 
trast with Balcoted optics. 

Extra stability saves time, saves work, and 
makes for greater accuracy. Permanent align- 
ment of all elements is secured by mounting the 
metallograph components on a massive, stur- 
dily-built stand with built-in shock absorbers. 


/ 
lA / s+ 

y 
VI//TP 
vr] ! for complete informa- 
tion and detailed literature to 
Bausch & Lomb Optical Co., 638-H 


St. Paul Street, Rochester 2, N. ) 


ausch & Lomb Research Metallograph 
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Deoxidation With Manganese 


Very litthe new information on man- This article (begun on p. 211) summarizes 
ae Cane we wu pmge 20 years of study of the reactions between 
for 15 years, and our principal source of , . 
data is the German research of the early metal and oxygen at steelmaking temperatures. 
$0°s. Korber’s original results* are prob- Dr. Chipman believes that many discrepancies 
ably too high, since his oxygen solubility 
under pure FeO slag was about 406 é ; : 
above values more recently reported. The dynamic computations can be ascribed to the 


between the results of experiments and thermo- 


curves of Fig. 15, from p. 496 of “Basic ability of an alloying element to share electrons 
Openhearth Steelmaking’,’ have been 
corrected for this. The deoxidation prod- = , 
uct is not simple MnO, but a slag thus more effectually tying up the oxygen 


with oxygen, as do the surrounding iron atoms, 


containing FeO as well, and the ratios and reducing its activity. The net effect is the 
(MnO) (FeO) are shown by the straight 
lines. Dotted portions are extrapolated . . 
into regions where the slag is’ partly were actually present. A final diagram shows 


same as though a smaller amount of oxygen 


solid. these relationships quantitatively for the com- 

rhere is no evidence that manganese mon alloying elements in steel. 
affects the activity coefficient of oxygen 
in the bath; in fact, Korber’s discussion 
indicates that it does not. The action of 


manganese is thus only to decrease the 











amount of oxygen in solution in the iron. It where the equilibrium constant is plotted against 
should be noted that even the diminished per- reciprocal temperature. The constant is defined 
centage of oxygen is still large compared to normal by the equation: 
openhearth operation. (In practice, the oxygen SiO, = Si+ 207K “oS X | %O 
content is controlled by carbon at levels below In making the plot, I have discarded all data in 
that at which manganese has any effect.) which silicon or oxygen was below 0.006 (where 
Deoxidation With Silicon A considerable analytical errors are likely to be large); even so, 
amount of study has been given to deoxidation considerable seatter remains, and the solid line 
with silicon, the best quantitative results to date represents only an average best value. It is drawn 
being those of Korber and Oelsen.’” Even these with a slope corresponding to the known heat 
careful results leave much to be desired with of the reaction. It should be noted that while 
respect to precision. They are shown in Fig. 16, the data cover a range of silicon from 0.006. to 
taken from my 1942 Campbell Memorial Lecture,"® above 1°, there is no systematic shift of the con- 


stant with the silicon content. The variations in 





K are those due to accidental errors and do not 
030 I 30 ; ¢ ; 
indicate a specific effect of silicon upon the activ- 
itv coefficient of oxygen. However, the data are 


not accurate enough to give a final answer on this 


% 
Ww 


% Oxygen in Metal (Curved Lines) 
as 
Ratio (Mn0//(Fe0) in Slag (Straight Lines) 


point an answer which will be obtained only 
by more careful experimental work. 
Zapife and Sims' were the first to point out 


S 
8 
AY) 
9 


that the oxygen activity might be seriously 
affected by the presence of silicon. They did not 
use the term “activity coefficient”. Their hypothe- 
sis called for the formation of a lower oxide (SiO) 
and its solution in the liquid metal. If this oecurs 
it must, of necessity, result in a decreased activity 


~ 
S 


Fig. 15 Vanganese-Oxvgen Equilibrium Under Fe0- 
VinO Slags Calls for Relatively High Oxvgen in the 
Bath. In_ practice, the carbon in the molten’ steel 


S 
8 
> 
ien) 


keeps the oxygen so low that manganese has no effect® 
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Deoxidation With 
Silicon and Manganese 


When 


manganese 


silicon and 


are used 
simultaneously for deox- 
idation, the 


product, under 


reaction 

proper 
conditions, is a fluid iron- 
manganese-silicate slag. 
This product is very sim- 
ilar to openhearth 
Some of the finest 
that been 
the entire field 
of steelmaking is that of 
Korber and 


acid 
—— slag. 
research has 
done in 
~- 0Q20t0 049 
-- O50t0 099 


associ- 
= 


of this 
showed 


his 
ates on 


type.” 


slags 


They 
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Reciprocal of Absolute Temperature x 104 


Fig. 16 —- Experimental Data by Korber'® 
Constant K= |% Si| & [% 


coefficient. Their experimental efforts to prove 
the presence of SiO apparently suffered from two 
very severe handicaps: First, in the type of appa- 
ratus they employed, it seems very doubtful that 
any of their heats could have reached equilibrium, 
and second, oxygen analyses were lacking or 
inadequate. 


not be 


For these reasons, their results can- 
Until more 
are available, our best 


regarded as quantitative. 
precise experimental results 


still that 
Oelsen as 


information is 
and 
16. 
Expressed 
the 
relationship between silicon 


of Korber 
shown in Fig. 
in more 


useful form, average 
and oxygen at several tem- 
peratures is shown in Fig. 
17. It should be noted that 
these curves apply only in 
the presence of solid silica 
or of slags saturated with 


it. At 
contents, 


very low. silicon 
the 


product is a 


deoxidation 
silicate slag, 
and deoxidation is slightly 
the 
This 


small effeet is scarcely per- 


more than 


curve would indicate. 


complete 


Fig. 17 


ceptible except at silicon 


contents below about 0.02 


on the Silicon Deoxidation 
O}? at Various Temperatures. The heavy 
line represents most likely values for the logarithm of Kk (base 10) 


Equilibrium Between Silicon 
and Oxygen in Liquid Steel at Various 
Temperatures in Contact With Solid 
Silica or Slags Saturated With Silica 


Silicon, % 


that the ternary system 
FeO-MnO-SiO, 
divided 


52 
may be 
fields, 
as shown in Fig. 18 by 
the line 
from 50% 
to 50% 
which 


into two 
which runs 
dissolved MnO 
FeO. 
saturated with 
silica lie along this line and always contain about 
50% dissolved SiQ,. 
In the absence of manganese, the slag has the 
composition b. 


a-b 


Slags or 


deoxidation products are 


As manganese increases, its com- 
This the 
curve marked MnO in Fig. 19. At the same time, 
the oxygen content decreases along curve O, while 


position shifts toward a. is shown in 


silicon increases along the line marked Si. 


These curves give a 
fairly 
the 


acid 


complete picture of 
chemistry of simple 
saturated with 
1600° C. 


correspond to the deoxida 


slags 
silica at They also 
1700 °C. tion product and the degree 
the 
manga- 
high. At 
and higher 
content, the 
reaction product lies below 


of deoxidation when 


ratio of silicon to 
nese is fairly 
lower silicon 


manganese 


the line a-b in the range of 
| very fluid No 


= data 
OS — . _ 
corresponding to this region 


| slags. 
04 

have been published; exper- 
studies would be 
but the 


interesting 


imental 
difficult, 
be 


probably 


results 
would and 


important. 
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Fig. 18 (Left) System FeO-MnO-SiO, at Steelmaking Tem- 
peratures. Slags or deoxidation products saturated with SiO, 
(about 50%) lie along a-b. Very fluid slags lie below a-b 





06 Fig. 19— Composition of Slag and Metal in Equi- 
librium With SiO, — the Deoxidation Diagram for Man- 
ganese and Silicon Together. (Korber and Oelsen'®) 


power. Time was when it was thought to be 
a fairly good deoxidizer, and such claims 





could be supported by thermodynamic calcu- 





lations based on the measured heat of forma- 
tion of the oxide V.O,. But now it is being 





put into some grades of rimming steel, and 
its action there is certainly not that of a 
Mno strong deoxidizer. Part of the discrepancy 
(Read Left) 


was removed a few years ago when the heat 





of formation of the oxide was redetermined,'! 
& | and the older value shown to have been in 
(Read Right) error by some 44,000 calories! And now the 

, fe 2 a2 whole picture is clarified by Dastur’s results.* 
Temperature 1600 °C: He used the same general method that 
(2912 °F ) 


QO 
(Read Left)~ 


Chen had used for chromium, but with some 
refinements to improve the accuracy. The 
results were like those with chromium only 





-— = an 08 more so. For a given oxidizing power of the 


gas measured by a fixed ratio (H,O)/(H,) 
% Mn - : : » . 
the oxygen content was increased by vana- 
dium, as shown in Fig. 20. This means that 
Deoxidation With Vanadium the activity of oxygen is diminished by vanadium. 
; ; : ie Figure 21 shows the effect of vanadium on the 
A very interesting study of the deoxidizing 

action of vanadium has just been completed in *Investigation sponsored by the Office of Naval 
Research under Contract No. N5ori-78, Task No. XVI 
Recorded in thesis by Minu N. Dastur, Massachusetts 

Institute of Technology, 1949. 


my laboratory by Minu Dastur.* Vanadium is of 
special interest because of the anomalies that have 
appeared in attempts to evaluate its deoxidizing 


Fig. 21 {ctivity Coefficient of Oxygen When Carbon, 
Fig. 20 — Oxygen in Iron-Vanadium Melts at Chromium, or Vanadium Is Present With the Tron 
1600° C. For a given oxygen activity (as measured 
by the ratio (H,O)/(H2), the amount of oxygen in 40 . 2 ae 
liquid iron is increased by the presence of vanadium 08 + 
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activity coeflicient of oxygen. This is drawn 
on a semilogarithmic seale to make the lines 
nearly straight.) The corresponding lines for 
chromium and carbon are included, and it’ is 
observed that the effect) of O.4' vanadium 
about the same as that of 2.0% chromium. It is 
only for these three deoxidizers that the activity 
coeflicient’ of oxygen has been determined; the 
broken line for aluminum is a guess which will 
be discussed presently. 

These results mean that the deoxidizing powe1 
of vanadium cannot be shown by a single line on a 
deoxidation diagram. <As for chromium (Fig. 13) 
we require two lines, one for the activity of oxy- 
gen, the other for its percentage by analysis, and 
whether we use one line or the other must depend 
upon whether we wish to know how much resid- 
ual oxygen is left after deoxidation, or how that 
residual oxygen behaves. The two lines are shown 
in Fig. 22. The change in slope at 0.2 vanadium 
is caused by the fact that above this point, the 
oxide phase is V.O,, while at lower concentrations 
of vanadium, the oxide is the spinel FeO-V.O,. 


Fig. 22 {llovs so Reduces 
the Activity of Oxvgen That the Effective Amount 
Is Shown in the Lower Line. Vertical scale 


}anadium in Fe-} 


applies to both ©] oxygen and activity of oxvgen 
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Other Deoxidizers 


For the two elements aluminum and boron 
the literature contains both observed and = ecalcu- 
lated values of the deoxidation constants. In 
general, the agreement between calculation and 
measurement has been anything but good. For 
in 1934 to calculate 
the deoxidation constant for aluminum led to a 
value of about 10 found 10° 
experimentally \ few vears later, Wentrup and 


eXcample, my earliest attempt 
Whereas Herty 


Hieber! published an experimental value of 10 


The basic reason for this discrepancy is now 
for the first time becoming apparent. The caleu- 
lated value can represent only the activity, not the 
actual percentage of oxygen. Without experi- 
mental data on the activity coeflicient, | can see 
no way for calculating the percentage of oxygen 
in aluminum-deoxidized steel at the present time. 
The coefficient is probably very much = smaller 
than that for chromium or vanadium, a crude 
guess being represented by the broken line of 
Fig. 21. 

The complete solution of this problem must 
await an experimental determination of the activ- 
ity of oxygen in the presence of aluminum. 

The case of boron is entirely similar. Caleu- 
lations by Gurry and experiments by Derge'* have 
produced completely divergent results. As before, 
Gurry’s calculations (assuming the subsidiary 
data are right) give the activity; Derge’s meas- 
urements, the percentage. 

Figure 23 contains data showing the activity 
and the percentage of oxygen in the presence of 
these two elements from the publications cited 
together with others). It should be noted that 
the full line for each element shows the percentage 
of oxygen as a function of the percentage of the 
deoxidizing element; this is not necessarily a 
straight line of the slope indicated, but) may be 
curved, as for other alloys that have been studied 
experimentally. The lower dashed line is’ the 
activity of oxygen plotted against the activity of 
the deoxidizing element (which may be quite 
different from its concentration). This line is 
theoretically straight, and has a slope correspond- 
ing to the atomic ratio of the two elements in the 
deoxidation product. 

It is only fair to state that probably not one 
of the lines for aluminum or boron is correct. 
The one which is most nearly dependable is 
Derge’s experimental line for boron, but’ the 
experimental difficulties were great and the results 
only approximate. The experimental method used 
by Wentrup and Hieber neglects some obvious 
sources of error, and their results will doubtless 
be revised downward. The calculated results for 
both aluminum and boron are based upon incom- 
plete data, and it seems probable that when the 
missing parts of the picture become available, both 
lines will be revised upward. 

The important point ts that we must not 
expect the calculated and observed lines to coin- 
cide, for they represent two different things! In 
the light of what has been said, it may be 
predicted that they will not prove to be closer 
together than are the two lines representing the 
activity and the percentage of oxygen in the pres- 
ence of vanadium 
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For deoxidation with titanium, zir- Manganese 
conium, magnesium, and calcium, there 


are no measurements at all on the oxygen 
concentration. Calculations have shown 
that these are all powerful deoxidizers 
from the standpoint of reducing the activ- 
ity of oxygen. 


Summary 


‘ " a 

Vanadium, ~» 

; » Chromium 
‘ 


By way of summarizing the data, Fig. 


‘ 


\ 


i» 


23 also presents a revised deoxidation dia- 
gram. The ordinate represents the limiting 
percentage of oxygen (solid lines) or its 
activity (broken lines) in equilibrium with 
the percentage of deoxidizing element 


shown on the abscissa. The latter is also 


% Oxygen, Active or Actual 


\ 
used for the two gaseous deoxidizers, to 


|“ Boron 
represent the ratio of reducing to oxidizing laccording to Derge) 
4 | Aluminum 
Titanium 7s (According to 
chromium and vanadium are now consid- “Ss Wentrup & Hieber) 
ered to be accurately established. Those be 


S 
S 
S 


us. 


The lines for the gases and for carbon, 


representing oxygen pereentage in the pres- 
ence of manganese, silicon, and boron are 0000! | Ye _ Alurinum | 
based upon careful but not necessarily 2, Ss 
: | Zirconium” “\o~\ 
conclusive experiments, and experimental we S 
The 0.00005 1 = rn 
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confirmation or revision is desirable. 
other lines will require much further experi- 
mental study before they can be regarded 
as anything more than rough approxima- Fig. 23 — Summary of Deoxidation Equilibria. Solid lines 
tions S represent percentage of residual dissolved oxvgen after 


deoxidation; dashed lines, corresponding oxygen activity 
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An Approach to 


New Developments 


By H. H. Harris 


President, General Alloys Co. 
Boston, Mass. 


Whereas a carburized bar is in 
effect a hard tube enclosing a tough core, 
a cast bar is (in effect) a tough tube 
enclosing a stiffer core, with an inter- 
mediate region between. This tri-lami- 
nar casting, in proper stress balance, 
has the merits peculiar to a laminated 
structure such as plywood. However, 
this balance must not be disturbed by 
later fabrication operations. Just as 
peeling off an outer ply from plywood 
would unbalance stress and create warp 


in Casting Control age, so does machining of one side of a 


sey GHOUT naval history, the U. S. Navy 
has been one of the largest users of castings 
purchased from industrial foundries and the tech- 
nical requirements of these castings are contin- 
ually becoming more severe. To meet the present 
and foreseeable future needs, the Navy has spon- 
sored extensive research and development 
activities in many private institutes and Naval 
shipyards; one of these projects was started in 
June 1947 at Alloy Engineering & Casting Co.'s 
plant in Champaign, Hl. It is my present aim to 
outline the fundamental considerations that have 
been foremost in our minds in this project, which 
was essentially directed toward the experimental 
production of intricate and highly accurate parts 
for high-temperature service.* 

Tri-Laminar As-Cast Structures-—In any 
approach to logical utilization of castings we must 
recognize the nature of the as-cast structure. This 
is inherently tri-laminar, in that the metal is 
cooled rapidly on the surface adjacent to the mold, 
and consequently has a fine-grain structure on the 
surface, encasing a progressively coarser internal 
structure. Ideally, it would be similar to a car- 
burized piece with a continuous case or outer skin 
enveloping a core. There is an important differ- 
ence: This fine outer skin of the casting is (in 
most forms) in compression; this stress distribu- 
tion and the higher ductility of the fine grain 
resists notch-effect and shock, and is a dampener 
of vibratory movements. It has greater resistance 
to surface corrosion at the grain boundaries. — If 
east under advanced techniques, it can be far 
superior to a uniform structure for many engi- 
neering purposes. 


tri-laminar casting structure contribute 
to warpage. The removal of the fine- 
grain “envelope” at the surface reveals 
a coarser grain having less ductility, less 
fatigue resistance, and also more = sus- 
ceptibility to carbon penetration from hot com- 
bustion gases and to most corrosive attacks. 

Thus, if the maximum service values are to 
be obtained from a casting in its as-cast condition, 
it should not be machined. Preferably, there 
should be no large-grain “break-through” areas 
where risers and other excrescences have been 
removed. This imposes the necessity of far closer 
casting tolerances and far better surface finishes 
than heretofore obtainable. Hence the molding 
problem was given close attention in our studies 

Mold Surfaces and Permeability There are 
no scientific standards nor established methods of 
measuring, evaluating or controlling mold = sur- 
faces, vel means of evaluating mold surfaces (and 
of metal surfaces cast against them) must precede 
the needed controls. 

Molds commonly consist of sand or similar 
granular materials which resist heat, bonded and 
separated by materials which do not. The con- 
tained air can be released from a mold (and with 
it the minute quantity of gas that may be con- 
tained in the metal) by small vents \ porous 
mold, or “permeability” as a characteristic of the 
mold material, is needed principally to allow the 
steam and the products of distillation or combus- 
tion of organic bonding materials to move away 
from the surfaces heated by the contact and radia- 
tion of incoming metal. Thus released, it con- 
denses in the colder sand further from the surface, 


or escapes to the outside air. 


*A brief outline of the developments was given 
in The Editor’s “Critical Points” last month. Mr. 
Harris has had general direction of the research and 
development described. 
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The need for permeability is almost propor- 
tional to the percentage of water and organic 
matter in the mold materials; it can be elimi- 
nated with the elimination of water and organics. 
Organic bond materials are generally hydroscopic 
and vary with atmospheric conditions. Cores pre- 
sumptively “dry” generally absorb water from 
green sand molds. Cores and molds free from 
organics would be highly desirable. 

To this end, “wetting”, improved mold mate- 
rials, particle controls, surfacing materials, bond- 
ing, and methods of dehydrating were given prime 
attention in this research and development. 

Metal Cleanliness -— Since interruptions to a 
smooth surface of a casting by minute foreign 
bodies are focal points of corrosive attack and 
have varied notch-effects under stress, it is impor- 
tant to examine the effect of cleanliness of metal 
in addition to the obvious desirability of a highly 
accurate, smooth surface, as outlined above. 

The cleanliness of metal (determined by the 
inclusions of oxide materials, products of com- 
bustible bonding materials, oxides, slag, and gas) 
is of vital importance. Nondestructive testing, as 
available today, only partially reveals inclusions, 
porosities, or incipient porosities. These assume 
great importance in material subject to thermal 
shock, as the variable expansions of foreign 
bodies create focal points of stress and failure. 

All the materials conventionally used for 
furnace linings, ladle linings, and molds, disin- 
tegrate under the temperature and erosion of 
molten metal, practically in geometrical relation 
to time, temperature, and pressure, each com- 
pounding the other. Maximum physical proper- 
ties, fatigue resistance, corrosion resistance, or 
related service expectancies cannot be approached 
in a casting without eliminating the residue of 
such disintegrated refractories and the gaseous 
products thereof, or controlling them to a level 
heretofore unattained in commercial casting. 

Production of metal, of unimpeachable clean- 
liness in the casting, was therefore another prime 
object of the investigation. 


Internal Stresses Due to Solidification 


Since it is the object of this development to 
make a casting of smooth surfaces and of sound, 
clean metal, we must also recognize that the great 
strength at high temperatures of the materials 
under study (heat resisting alloys) renders them 
subject to casting strains and stresses of a high 
order. Nevertheless, internal strains may be 
mitigated or controlled by modifying the form of 
the casting, its gating, the casting methods, pour- 
ing temperatures, heat transfer within the mold, 
and a complex interplay of these factors. Thus: 


1. Cooling and shrinkage strains in the mold 
are greatly influenced by heads, gates, or risers, 
which heretofore have received little technical 
consideration, yet they may strain or weaken the 
part in the direction of maximum load, or may 
add to or subtract from the thermal stresses 
encountered in service. 

2. Heads or gates, being projections which 
are removed from castings, create an interruption 
of the final surface, and produce in that region a 
grain size much larger than that in surrounding 
areas. As fatigue life and many corrosive attacks 
are substantially proportional to grain size, these 
as-cast variations are subquality areas. 

3. Castings poured quickly, in) which the 
entire mold is filled before appreciable solidifica- 
tion takes place, have far greater stresses and 
greater internal shrinkage than castings poured 
in a manner to insure that much of the shrinkage 
of solidification is fed by incoming metal 

4. The metal that is run through a mold (as 
in conventional practice) into heads or risers at 
temperatures much higher than needed for fluidity 
to fill the mold, so hot that the head or riser will 
remain molten long enough to feed the casting, 
normally follows the shortest line from the gate 
to the heads. Local overheating of the mold in 
such regions delays the solidification of these 
hotter areas representing the path of the excess 
metal. These portions, after solidification, are 
larger in grain size and differ in physical proper- 
ties from surrounding areas in the same casting. 
As the cooling casting is stressed, there is more 
elongation in the hotter and more plastic areas 
than in those stronger areas which cooled first 

>. Castings poured hot, out of consideration 
of the risers rather than the shape itself, are of 
inherently larger grain size than necessary. 
Furthermore, lacking accurate temperature con- 
trol, the foundryman tends to pour hot, just to 
be on the safe side. 

The above considerations lead to several 
fruitful lines of inquiry: 

Pouring and Gating— The rate of pouring, 
and the ability to pour at a known rate, is depend- 
ent upon known and maintained dimensions of 
the gating system and orifice through which the 
metal flows. Such dimensions are seldom accu 
rately known and almost never accurately main- 
tained when pouring metal through sand. 

Temperature Control — Temperature control 
is of the utmost importance. Previous to the 
work done on this research contract there existed 
no method for continuously indicating and record- 
ing the temperature of molten steel in the ladle. 
Without such measurement we could not provide 
the desired control. Without such temperature 
control there is no approach to a knowledge of 
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fluidity, and, hence, no accurate determination of 
flow in terms of time and weight. Neither can 
those physical and metallurgical variations in 
castings be controlled which depend upon the 
temperature of casting (and its related factor, 
the rate of solidification). 

Mold Surface Temperatures. -The heating of 
molds retards the cooling of the casting (thus 
creating a larger grain structure) in’ proportion 
to the temperature differential between the metal 
and the mold and the conductivity of the latter. 
While preheating of the mold is generally unde- 
sirable, it may be highly advantageous to heat 
molds locally in selected areas to (a) retard heat 
transfer to facilitate running some thin portions 
of a given casting, (b) keep a small gate or head 
hot to improve feeding, (c/ delay the cooling of a 
given section so it may shrink dimensionally 
rather than internally while feeding an adjacent 
section, (d/ offset) surface-to-mass differentials 
and solidify all portions simultaneously or in cor- 
rect sequence, and ¢e/) balance, in a given mold, 
the excess temperature in’ some other portion 
resulting from an “unavoidable” head or gate. 

Control of Properties The reader will see 


that the aim of this Navy contract is to develop 


methods that will enable accurate castings to be 
made, sound and clean in structure, having uni- 
form grain size characteristics throughout (a) the 
surface and (b) the core, and free from internal 
strains caused by thermal differentials and uncon- 
trolled solidification rates. It may be thought that 
too much emphasis is placed on grain size. Ample 
experience shows that this is not true for the high 
alloys used for high-temperature service. 

As the section is reduced, as-cast sections in 
most metals and alloys have increasing ductility 
and elongation figures and bend test angles. <A 
!.-in. section may have more than twice the elon 
gation of a 'so-in. section cast from the same ladle 
Where a l-in. section of an as-cast: nickel-chro- 
mium alloy had 12°, elongation, a !<-in. section 
of the same casting had 388° elongation! This 
difference in ductility arises from grain size differ- 
entials inherent in the surface-to-mass ratios and 
the different cooling rates of the different sections. 
It. therefore, becomes obvious that 

1. The “standard” data more or less appli- 
cable to heat treated and rolled products have 
little or no relation to as-cast sections. 

2. Physicals determined from conventionally 
east test bars, “standard” bars machined from 
thick sections, or “preecision-cast to size with 
threads under tension” also bear a very indefinite 
relation to any other form or section poured at 
any other temperature. 

3. The basie structure is) often) far more 


important than variations in analysis some- 


times, even, than the material selected. A “brittle” 
material can be ductile in thin sections while a 
“ductile” material can be brittle in thick sections. 
This is particularly true of thick sections poured 
at high temperature and having a large grain size 
In many of the heat and corrosion resistant 
alloys in as-cast form, there is a difference of 3 
to 1 in degrees of bend-test in two specimens of 
the same size and section poured at different 
temperatures from the same ladle the lowest 
temperature producing far superior test results. 
In conventional practice, molds are poured in 
sequence at greatly varying temperatures. ) 
Therefore, the physical properties of a given 
part will vary greatly with varying sections, and 
thus contribute extensively to the distribution of 
residual stress. In thin, as-cast sections many 
“hard” “soft”. 


Changes in analysis to obtain maximum physical 


materials become relatively 
properties may open a new metallurgical approach 
to castings’ improvement. 

The problem of balancing these opposing 
factors to produce a casting of optimum properties 
Was a most important aspect of the research. 

Adequate Design To those working closely 
with the interrelation of (a) forces encountered 
in service, (6b) design-form requirements, (c¢ 
metallurgy and (d) casting techniques, it becomes 
apparent that formal education and usual indus- 
trial experience do not provide the scope and 
specialization necessary for the logical evolution 
of service design and production of heat-resistant 
alloy castings for severe stresses. [t is hoped that 
this Navy project will help lay the foundation for 
the understanding of the as-cast materials and 
their tri-laminar structure, requisite to American 
leadership in gas turbines and other high-temper- 
ature mechanisms 

Economics It is anticipated that casting 
research and development, such as the Navy's 
project at Champaign, will result) in” lighter, 
stronger and more serviceable castings at a lower 
cost in ratio to their service performance also 
to produce them when the need arises. Some 
economic considerations are: 

1. Increasing vield (the percentage of usable 
castings per pound of metal poured) holds great 
economic advantage. \ 40° reduction in’ the 
gating and heading, or the unusable metal poured, 
would produce the same usable castings from four 
heats as are now produced in five heats 

2. Improved cleanliness and substantial 
economies in floor space, in materials handled, tn 
cleaning, machining, and in serap, should result 
from the envisioned improvements in’ practice 

3. Broader application of improved castings 
for defense may well broaden the civilian markets, 
to the general economic benefit i) 
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A New Method 


for Surface 


Reproduction 


ly HAS BEEN KNOWN for many years that 
photographic emulsions are sensitive to mechan- 
ical pressure. When a photographic emulsion is 
placed between surfaces and a pressure applied 
perpendicularly to the emulsion, a latent image 
is formed. The film or plate is then developed by 
conventional procedure. The phenomenon has 
hitherto been regarded as a_ scientific curiosity 
and has received neither explanation nor applica- 
tion, although a discussion of the physical nature 
of the “photographic pressure effect” was printed 
in the Journal of the Optical Society of America 
in 1948 (Vol. 38, p. 1054). It now seems that it 
ean be explained better as a temperature effect, 
the temperature resulting from heat generated by 
compression of the emulsion in the case of static 
pressure, and by friction when sliding occurs. 

In some work at Washington University 
stimulated by other projects in’ the physics 
department supported by grants from the Office 
of Naval Research) we investigated the possibility 
of using the pressure effect to form three- 
dimensional images of surface finishes. Our 
equipment is sketched in Fig. 1. The specimen 
surface is prepared in the form of a thin disk of 
the same diameter as the flat face of ball A 
(¥% in.). The photographic plate P is placed 
emulsion side up between the prepared surface 
of specimen S and the flat surface of ball A. The 


mechanical arrangement is designed to insure 


By K. B. Mather 


Physics Department 
Washington University 
St. Lonis. Mo. 


proper seating of the specimen’s 
surface on the emulsion, Ball A 
rotates fairly freely in the grease- 
packed well W, allowing it to 
square the specimen against the 
emulsion. A hydraulic press is 
applied to plunger D, the pres- 
sure applied to a specimen being 
indicated by a gage 
The apparatus could apply 
pressures as high as 120° tons 
per sq.in., although much lower 
pressures than this were gen- 
erally used. Glass photographic 
plates would break at about 25 
tons per sq.in. In general, pres- 
sures of the order of one-quarter 
that much (1000 kg. per sq.em., 
or 14,000 psi.) have proved ade- 
quate for reproducing metallic 
surfaces, but probably there is an optimum pres- 
sure for a particular kind of surface. For instance, 
the rougher the surface the greater the pressure 
required to insure intimate contact over the whole 
Pressures were usually applied to the emul- 
sions for about one minute. However, this is more 
or less a matter of convenience as the ultimate 


density (opacity) produced in the developed emul- 





If a reasonably flat metal surface 
is pressed into a fine-grained photo- 
graphic emulsion at about 15,000 psi., 
and the plate developed and examined 
under a microscope, a pattern will be 
found that reproduces the surface con- 
tours. A pronounced three-dimen- 
sional appearance results, since the 
high portions of the surface are respon- 
sible for denser regions in the developed 
emulsion. Lf standardized, the method 
might give a quantitative measure of 


surface roughness. 
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Hydraulic Fig. 1 


Equipment for Impressing Sur- 


face Replicas Into Photographic Emulsions 
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sion is independent of the duration. The density 
does depend on the rate at which pressure is 
applied; it is greater if the pressure is applied 
rapidly. Considering the mechanism of latent 
image formation as a temperature effect, rapidly 
compressing the emulsion corresponds more 
nearly to adiabatic conditions and results in a 
greater rise in temperature. ) 

After compression, the photographic plates 
were developed,. fixed, washed and dried in the 
conventional fashion. Choice of developer is not 
important although the contrast in the “pressure 
negative” depends on the choice of developer and 
developing conditions (as is true of plates exposed 
to light). 

The type of photographic emulsion is impor- 
tant. It should be emphasized that most regular 
photographic emulsions do not display any pres- 
sure sensitivity, due to an inactive surface coating 
of gelatin about Ip thick intended to protect the 
emulsion from abrasions which are subsequently 
developed. For pressure work of the kind 
described here it is therefore necessary to secure 


*4-in. steel ball with %-in. flat ground on. 
Free-turning %-in. steel ball. 

Plunger. 

Supporting frame. 

Photographic film or plate, emulsion up 
Specimen under study, prepared face dow: 
Grease-filled well. 


unprotected emulsions. The Ilford “Nucleat 
Research Plates B2, C2, El and D1” and Eastman 
“Nuclear Track Plates A, B and C” seem to be very 
sensitive to pressure. Furthermore, these emul- 
sions are much thicker than regular types for 
example, they are available from 50 to 200u thick, 
and the thicker the emulsion the better it is able 
to “accommodate” a rough surface pressed into it. 
The high spots of the surface presumably sink 
into the emulsion, permitting intimate contact 
over a wider area of surface than if the emulsion 
were thinner. 

It should be noted that in this process the 
photographic plates are not exposed to light at any 
time until after they are developed. The latent 
image results solely from the operation of com- 
pressing the emulsion. The hydraulic press is set 
up in a photographic darkroom and the entire 
operation carried through under a safe light. (The 
Ilford nuclear research plates are not very sensi- 
tive to light, permitting a fairly yellow illumina- 
tion to be used in the darkroom.) 

The pressure negatives, when developed, must 
be examined with a microscope at appropriate 
magnification. The emulsions referred to possess 
a fine grain size, not exceeding 0.5y after develop- 
ment, and therefore allow a high resolution. For 
example, the negative from a test grating ruled al 
100 lines per millimeter was distinctly resolved 
on an Ilford C2 plate. Magnifications as high as 
1000 diameters can sometimes be used profitably 
In the event the technique finds engineering 
applications, the resolution could) probably be 
improved by using extra fine-grain emulsions of 
the Lippmann type. 


{pplications to Studies of Surfaces 


The particular feature of the technique which 
makes it well suited for surface replicas is its 
fidelity in reproducing the third dimension of a 
contour. A gelatin emulsion, even in the dry state, 
is sufficiently plastic that under pressure il 
assumes the shape of the surface on which it is 
pressed. In particular, the greater the pressure at 
any point on the emulsion the greater the density 
at that point after development. Hence, high 
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spots on. a specimen surface cause greater-than- 
average density while indentations cause lesser 
density The three-dimensional nature of the 
specimen surface is thereby made evident by 
gradations in density across the negative. The 
result is a high-contrast, transparent replica* of 
the specimen surface. 

The chief advantage of these replicas is their 
combination of high contrast with transparency 
Direct bright-field illumination may be used in 
the microscopic study of opaque surfaces, if the 
investigator first prepares replicas in the above 
manner. In addition, the pressure’ negatives 
serve as permanent records of the surfaces copied. 
The photomicrograms reproduced here were made 
from replicas in the manner described. 

One difficulty, introduced by the emulsion 
itself, has been noticed. Emulsions frequently 
are not quite flat but themselves possess high 
spots which appear as black spots on the pressure 
negatives, indistinguishable from the effect of true 

*Eprror’s Foornort The word “replica” is to 
be interpreted as “optical re-creation” and not (as is 
now the usual meaning of the word) as a three 
dimensional exact model, capable of being used in 
electron-diffraction studies. 


End-Turned Steel Cylinder 


Fig. 2 and 3 


high spots on the specimen surface. (These can 
Another difficulty 
concerns a tendency for the plates to slide when 
under compression unless the pressure is applied 
exactly perpendicular to the emulsion’s surface. 
Any movement results in spurious scratch marks 


be clearly seen in Fig. 3.) 


which conceal the proper structure of the surface 
being studied. However, the chief restriction of 
the method is the necessity for using high pres- 
sures to reproduce surfaces; it is limited to speci- 
mens that can tolerate pressures approaching 
15,000 psi. a restriction, it must be noted, that 
applies principally to nonmetallic materials. 

\{ promising application of this technique is 
therefore to the study of metals, and it is equally 
practicable to reproduce the detailed structure of 
any kind of surface machined, lapped, or pol- 
ished, the structure of fractures and fibrous 
materials. By a reasonable improvement in reso- 
lution it may be possible to record grain bound- 
aries on polished or etched metal. Although 
photographic replicas are intended to be comple- 
mentary to existing techniques, they naturally 
suggest themselves, because of their inherently 
high contrast, for the same problems to which 
metallography is applicable. e 


Steel Finished on Surface Grinder 


Reproductions Made With Ilford El Emulsions, 11,250-Psi. Pressure, Magnified 100 Diameters 
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Correspondence 


French Metallurgists in Resistance 


Panis, Franc 
To the Readers of Mevat Progress 

I was very sorry when I read in last Decem- 
ber’s issue of Metal Progress Mr. Corson’s 
pronouncement against the conduct) of French 
metallurgists during the vears 1942 to 1945 of the 
German occupation. In his judgment the work 
published in Revue de Métallurgie for 1944 was 
“much deeper and carried more precision than 
the work done before’, and therefore he con- 
cluded that the Germans must have encouraged 
such substantial scientific work. His judgment 
is a very stern one, and his conclusion completely 
false. To am therefore hopeful that many Ameri- 
cans will read this letter as well, so that the truth 
may be re-established in their minds. 

Since your reviewer gave some space to my 
own work on toughness, published in that issue 
of Revue de Métallurgie, perhaps it is in order to 
say a few words about it before passing to more 
general and important considerations. My con- 
tribution gave only a theoretical discussion, the 
result not of tests but of debates with my French 
colleagues. The practical resuits of my conclu- 
sions were indeed not vet developed and were not 
published until October 1947. It is hard to see 
how this could have “benefited the common 
enemy”, as charged by your reviewer. 

It will probably be of more interest to Ameri- 
can metallurgical friends if | say something of 
the wartime activities of the Renault) Automobile 
Works, and more particularly of the Works Lab- 
oratories, of which | am the head. 

It must be admitted that the directors of the 
works were faced with a painful decision, imme- 
diately Paris was taken by the enemy. First, 
large working forees (and their families) were 
dependent upon operation for their daily bread 
Second, active resistance would have been an 
invitation for the severest reprisals even to 
innocent relatives. Third, if the Germans them- 
selves had operated the plant, much more effective 


war materiel could have been manufactured. 


How effective passive resistance can be may 
be judged from the following facts: Prior to oecu- 
pation we were making tanks, large aircraft 
engines, and fighter aireraft for the French forces. 
Not one tank was produced during the tour years 
of German occupation. We took a year to recon- 
vert for the manufacture of light trucks, training 
planes and engines all to German designs. 
Special equipment was always late! At pre- 
occupation rates, Renault should have produced 
9000 heavy aircraft engines in the three years of 
occupation; actually 300 engines for training 
planes were shipped! With 25,000 workers, the 
Renault plant produced 20 German trucks per 
day, a favorable comparison with 150 cars and 
100 trucks per day prewar, and 400 cars today. 

Every argument was used to explain the 
delays: New steels; revisions in parts requiring 
long test programs; delays in getting test equip- 
ment; extensive retests under the slightest pretext; 
slow delivery of machine tools; steel shortages; 
heavy rejects for various defects (genuine or not). 

This tacitly organized sabotage was continued 
during the whole occupation. As a matter of fact, 
we were aided in our designs by the bombardment 
of our plants (which unhappily killed some 
hundreds of civilians in the neighborhood). 

So much for the plants generally. How about 
the Works Laboratories, which were in my charge? 

We first separated the research and the plant 
laboratories. The research laboratory operated so 
secretly that no single German set foot in it during 
the whole war. The laboratories for testing incom- 
ing materials and parts in process, tests on sub- 
assemblies and completed machines, as well as for 
the solution of manufacturing difficulties, were 
open to German inspectors. As far as they knew, 
all research and development on war equipment 
had stopped in 1940.) Our testing laboratory 
became adept at labeling the best steel heats “bad”, 
and the bad ones “good”. Our steelplant was a 
master in the art of making ball-bearing steels full 
of flakes and inclusions! 

As a special precaution against accidental 
discovery, our secret research laboratory near 
Paris was occupied with projects that related to 
peacetime developments of promise. Some 
researches of direct application to ordnance were 
performed in our steel plant at St. Michel de 
Maurienne, in the Free Zone, and these also 
remained unknown to the Germans. 

I apologize for writing at such length and of 
my particular case alone. [do so only because | 
believe it is representative of all the French metal- 


lurgieal fraternitys 
Jacgues PoMEY 


Chief of Works Laboratories 
Renault Automobile Works 
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the base metal protects the finish 


Progressive steps in the production of this 
emblem in red, white, blue, black and gold vitreous 
enamel and heavy gold plate, as made by 
American Emblem Company, Utica, N. Y. 


(1) The metal is blanked from sheet stock. (2) First coining 
operation. (3) Second coining operation. (4) The excess metal 
is trimmed. (5) Attaching devices are welded. (6) First vitre- 
ous enamel charge has been fused by firing. (7) Second 
vitreous enamel charge has been fused by firing. (8) The 
enamel colors are stoned smooth. (9) Enamel has been 
given a final fusing and buffing. (10) The plote is electro 
gold plated. 


(1A) The metal is blanked from sheet stock. (2A) The design 
is coined. (3A) The excess metal is trimmed and holes 
pierced. (4A) Attaching studs are welded. (5A) The plate 
is buffed and chrome plated. (11) The two pieces ore 
assembled. (12) Finished plate as possed by inspectors. 


This is a typical example of a fine emblem, combining good design, excellent material 


and a high degree of art and craftsmanship in production 


1. is almost always the case, 
though unsuspected by the general 
public, that the material to which a 
finish is applied has a definite influence 
upon the perfection and durability of 
that finish. For example, products that 
are nickel or chromium plated stand 
up better if the base metal is non- 
rusting, as is copper and brass. To 
take another example, look at vitreous- 
enameled emblems, used as trade- 
marks, name plates, medals, lapel pins, 
insignia, and so on. Most of these 
emblems have a copper alloy as the 
base metal; only that, or gold or silver, 
can be used. 

These emblems owe their beautiful 


and permanent colors to silicate pastes 
and powders, inlaid by skilled artisans, 
and twice fused in a furnace at a tem- 
perature of about 1500° F. This 
temperature sets high standards for 
the underlying metal which must not 
warp, nor ‘bubble up” into the enamel. 
Thus visible beauty for which so much 
creative skill is required, depends in 
part on the invisible metal underneath. 
Revere, which takes great pains to 
maintain the strict standards of its 
alloys, is proud to meet the high re- 
quirements of American Emblem and 
other companies in this field . . . Per- 
haps Revere can help you by supplying 
exactly what you require to protect 
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the finish and durability of your 
product. 


REVERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 
Mills: Baltimore, Md.; Chicago, Ul; 


Detroit, Mich.; Los Angeles and Riverside, 
Calif.; New Bedford, Mass.; Rome, N. Y. 


Sales Offices in Principal Cities, 
Distributors Everywhere. 





Personals 


Harley S. Van Vleet @, formerly 
chief of the container research of 
American Can Co. at Maywood, IIl., 
has been appointed manager of the 
Atlantic Division research of the com- 
pany, with headquarters in New York 
City. 


Henry P. Nielsen @, who gradu- 
ated from Cornell University in June 
1949, is now employed by Procter & 
Gamble Mfg. Co. at Port Ivory, Staten 
Island, N. Y. 


Atlas Steels, Ltd., Welland, Can- 
ada, announce that Gilbert Soler @, 
who joined the company in 1946 as 
works manager, has been promoted 
to vice-president for manufacturing 
operations and a member of the board 
of directors. E. P. Geary @, who 
joined the company in 1947 as vice 
president and general sales manager, 
has also been appointed to the board 
of directors. 


Cc. W. Barnthouse @ has been 
appointed California district manager 
for the Latrobe Electric Steel Co., 
his headquarters being in Huntington 
Park, Calif. 





Mad 


HARDEN and TEMPER TOOLS ¢ DIES 


EFFICIENTLY = 


ECONOMICALLY 


Now you can save money by heat treating your small 
parts, tools and dies in Sentry Electric Furnaces. 
Used with Sentry Diamond Blocks, the scientifically 
controlled neutral atmosphere will produce full hard- 


ness and uniformity of work with no reduction in 


Write for 
descriptive 
catalog 
1054-A8 


eo 


size, no scale and no decarburization. 

Easy to install, simple to operate, these Sentry Fur- 
naces will quality harden any type of high speed or 
high carbon high chromium steel tools or dies at low 


production cost even with inexperienced help. For 
tool or production line, there is a Sentry Furnace 
to meet your particular requirement. 


The Sentry Company 
FOXBORO, MASS.,U.S.A. 
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Adolph O. Schaefer @, assistant 
to the executive vice-president of the 
Midvale Co., Philadelphia, has been 
appointed to the research committee 
of the Franklin Institute of that city. 


Fritz V. Lenel @ and Arthur A. 
Burr © have been appointed associ 
ate professors in the department of 
metallurgical engineering at Rens- 
selaer Polytechnic Institute, Troy, 
N. Y., and Ralph R. Nash @ has been 
named assistant professor. The three 
men have been with the department 
since 1946. 


Great Lakes Steel Corp., Ecorse, 
Mich., announces that Hubert C. 
Smith @ has been appointed assist- 
ant vice-president in charge of metal- 
lurgical control. Mr. Smith, who was 
formerly chief metallurgist, came to 
Great Lakes Steel in 1936 from the 
Otis Steel Co. 


Carl A. Zapffe @ and M. E. 
Haslem @ have been awarded a cer- 
tificate of honorable mention for their 
paper presented to the ferrous divi 
sion of the Wire Association in Pitts- 
burgh in October 1948. 


Correction: We wish to correct 
a statement in the June 1949 issue 
of Metal Progress, page 854, to the 
effect that A. W. Mace “has estab 
lished a consulting service”. Mi 
Mace is consultant for steel require 
ments for the armed forces, on the 
staff of the Office of Industry Cooper 
ation, Department of Commerce, but 
has not 


established a consulting 


service. 


Harley A. Wilhelm ©, assistant 
director of the Iowa State College 
Institute for Atomic Research, was 
awarded the Alumni Merit Award by 
the Iowa State College Club of Chi 
cago for “meritorious service in his 
field and contributions to his fellow 
men”. 


W. A. Wesley @, W. W. 
@ and E. J. 


awarded the 1949 


Sellers 
Roehl @ have beer 
Founders Gold 
Medal of the American Electroplaters 
Society for their technical paper, 
“Electrodeposition of Nickel at High 
Current Density”. Mr. Wesley and 
Mr. Sellers are at the Bayonne re 
search laboratory of the Interna 
tional Nickel Co., Inc., and Mr. Roehl 
is with the Thomas Steel Co. of 
Warren, Ohio, but was formerly with 


the Bayonne research laboratory. 


Thomas F. 
head of the 


O'Brien 6, 


industrial 


formerly 
chemical 
division of Waverly Petroleum Prod 
icts Co., has been appointed to head 
a similar department at MacDermi 

Inc., Watertown, Conn., following the 
purchase of Waverly Petroleum by 
MacDermid 












WE SAY IT 
WITH FLOWERS 


THE floral “Q” stands for Q-Alloys and 

of course—for QUALITY At G. A 
both are hardy, ever-bearing products which 
have borne steadily for American industry 
for more than thirty years, and “flower’ 
perennially at the National Metal Show 


GENERAL ALLOYS COMPANY should 
not be confused with “foundries”, for the 


foundry is only one of the tools of this 
National Engineering Organization 


Ov: ot many examples where General Alloys has unequalled experience and prover 
service records is in rails for industrial furnaces. Back in 1935 General Alloys, working 
with M.I.1 thers, tested thirty rail designs. Some are shown on the right The 
rails in tl n group | alf the weight of most of the rails in the top group 

I ' metallurgy and accurate wearing surfaces make this 


ymics attract intensified management analysis, life records 
ace parts are being kept, as before the war, and the facts of 
al utility and cost-per-heat-hour tend to govern purchases 


and again we SAY IT WITH FLOWERS to a top executive of 
a large automoti producer who, in a memorandum to his purchasing departmer 
Stated in part 


“NOW, WE CANNOT AFFORD THE HIGH 
ACTUAL COST OF ‘CHEAP’ ALLOYS” 
Di ICUL1 


ial 


GENERAL ALLOYS COMPANY 


“Oldest and Largest Exclusive Manufacturers of Heat and 


Corrosion Resistant Castings’ 


BOSTON MASS. 


LIST OF CITIES IN WHICH GENERAL 
ALLOYS COMPANY IS REPRESENTED 


Baltimore, Md Houston, Texas 
Boston, Mass indianapolis. ind 
Buffalo, N.Y Louisville, Ky 
Birmingham, Ala Milwaukee, Wis 
Chicago, ti Muncie, tnd 
Cleveland, Ohio New York, N.Y 
Dayton, Ohie Philadeiphia. Pa 
Detroit. Mich Pittsburgh. Pa 
Fort Wayne, tnd St. Louis, Mo 
Tulsa, Okla 




















Personals 


R. A. Quadt &, formerly assist- 
ant manager of the general alumi- 
num department of Federated Metals 
Division, American Smelting and Re- 
fining Co., has been appointed man- 
ager and his headquarters moved from 
Detroit to New York City. 


Floyd F. Doré @ has returned to 
this country after 1% years as chief 
metallurgist at the Companhia 
Srasileira de Material Ferroviarieo 


near Sao Paulo, Brazil. 


Donald Bryden ©, associated with 
the Philadelphia Branze and Brass 
Corp. for 22 years, has been elected 
president and director of the firm. 

Central Iron and Steel Co. an 
nounces that William F. Zerbe © 
has been appointed to the newly 
created post of vice-president in 
charge of operations. Mr. Zerbe has 
been associated with the company for 
S years. 

L. E. Snellgrove @ is now vice 
president of Elmer Pfeil, Inc., Cleve- 
land, distributors of new and used 


equipment. 
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VERSATILITY “PLUS” 


IPSEN “T"-288 ELECTRIC 
PATENT PENOING 


CARBONITRIDING, carburizing, 


annealing and hardening of both large and small parts are accurately 


performed by these flexible Series “T'’ Units. Standard models consist 


of a furnace (gas or electric), a water-jacketed cooling chamber, 


and an enclosed quench tank — all under controlled atmosphere! 


Completely automatic operation is provided by a chain hearth, 


airdraulically-operated quenching rack, electric timers and selector 


switches — controlled by a single starter button! 


AUTOMATIC 


sen 


MEAT TREATING UNIT 


IPSEN 


Write for Bulletin ‘T"’. 


INDUSTRIES, INC. 


500 WEST STATE STREET » ROCKFORD, ILLINOIS 
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J. E. Corbett @, formerly with the 
Akron Standard Mold Co., will now 
do development and sales work for 
Alcon Products, Akron, Ohio. 


Jay W. Fredrickson ©, formerly 
with the University of Utah, has 
joined the staff of the school of min- 
eral industries, Pennsylvania State 
College, as chief of the division of 
metallurgy. 


Norman W. Nielsen @ has ac- 
cepted a position as metallographer 
at the Davenport, Iowa, rolling mill 
of the Aluminum Co. of America. 


Following graduation from the 
University of Minnesota with a Ph.D. 
degree, John W. Axelson @ has ac- 
cepted a position as research engi 
neer in the research center of Johns 
Manville Corp., Manville, N. J. 


Robert C. Lindsay &, formerly in 
the metallurgical products section of 
the General Electric Co., Schenectady, 
is now with the Utica Drop Forge 
& Tool Corp., Utica, N. Y., as a cus 
tomer contact engineer in the preci 
sion forging division. 


Erwin B. Bahnsen ©, formerly 
chief engineer with the Victor Mfg 
& Gasket Co., has established Steel 
Cor Mfg. Co., Inc., Chicago, a part 
nership, engaged in the productior 
of packing materials 


M. K. Yen @ is now working as 
a research associate in the research 
division of the college of engineering, 
New York University, New York City. 


John A. Franek &, who recently 
graduated from Ohio State Univer- 
sity, has accepted a position as stu 
dent corrosion engineer with the 
International Nickel Co. at Kure 
Beach, N. C. 


John F. Crane, newly elected 
chairman of San Diego Chapter, 
American Society for Metals, has a 
cepted a post as chief engineer of 
Rocheville Engineering, Inc. He was 
formerly in the engineering section 
of Ryan Aeronautical Co 


Robert C. LeMay @ has recently 
joined the sales promotion department 
of the Selz Corp of America 
Philadelphia 

Maumee Malleab!e Cas gs Co 
announces the promotion of N. P. 
Mahoney © to the post of plant mar 

He joined the firm in 1920 and 
rved as purchasing agent, pro 


manager anda superintendent 


. R. Toeplitz @ has been elected 
to the board of directors of Bound 
Brook Oil-Less Bearing Co., Bound 
Brook, N. J. 
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It can show you 


the heartbeat of a car radio— 


alll 


7 . 

You could cover pages with cal- 
culations about a car radio vibrator. 
You could fill sheets with figures on 
inertia and elasticity of its vibrating 
elements—and yet not be sure exactly 
how the rapidly moving parts do be- 
have in action. 

This is where high speed movies come 
in—the kind of “slow motion” you get 
from the Kodak High Speed Camera. It’s 
a simple, direct means to record and 
study high speed repetitive mechanical 
motion .. . the only way to see dynam- 
ically what happens in non-cyclic high 
speed action. 

The Kodak High Speed Camera can 
take a second of action and spread it over 
three minutes. It can put flash marks along 
the side of the film that time the motion 
accurately. Its optical system gives the 
extra picture sharpness you need to see 
a vital point clearly. 

This camera is a single unit with one 
motor, complete in itself and easy to 
operate. If you would like to know how it 
works and how it can help you, send the 


+he Kodak EASTMAN KODAK COMPANY 


Industrial Photographic Division 


Ugh Sp Ce. VA oe 4, N. . 


amera 


wll 





al 


“Kodak” is a trade-mark 


al 


al 


EASTMAN KODAK COMPANY 

Rochester 4, N. Y. 

Gentlemen: 

Please send me: [) your folder “Magnifying Time” which tells 
about the Kodak High Speed Camera. 0 a 16mm. sample reel of 
high speed motion study, which I may borrow 


Name a Firm 





Address — 


City 


afl 





if it’s 


STAINLESS STEEL 


come to 


G.Ear.son, Ine. 


This is an illustration of the wide variety of ‘Small-in-Size” Stainless Steel 
items being prepared for shipment in our shipping room. 

We are prepared and equipped to supply you with these small 
pieces that are TOO OFTEN difficult to secure. G. O. Carlson, Inc., recog- 
nizes the need of this service to fill your requirements for small items 
that are as necessary to complete a project as are the large pieces. 

Therefore, we have planned our production so that we can supply 
you the smallest, equally as well as the largest plates, tank heads, 
forgings, bars, sheets (+1 Finish), etc. 

G. O. Carlson, Inc., is a dependable source of supply for quality 


stainless steels. 


BIG ENOUGH FOR YOUR LARGE ORDERS 
BIG ENOUGH FOR YOUR SMALL ORDERS 


regardless of the size of the piece or the quantity. 


CARLSON, we. 


Stainless Steels Exclusively 
300 Marshalton Road, Thorndale, Pa. 
PLATES « FORGINGS « ‘BILLETS . BARS © SHEETS (No. 1 Finish) 
Ww. h i in ipal cities 


Pp 
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Addition of Steam 
to Blast Furnace“ 


QF THE FACTORS that might be 
varied to increase the speed of 
reduction in the blast furnace, 
improvements in the physical con- 
dition and chemical composition of 
the ore have already been made, and 
the temperature of the surroundings 
is fixed in a given furnace. How- 
ever, there are enormous possibili- 
ties in changing the composition or 
pressure of the gaseous reduction 
agent. 
Increasing the gas pressure on 
any heterogeneous reaction signifi- 
cantly increases its velocity, and in 
a blast furnace higher pressire 
causes diffusion of gases inside 
pieces of ore, thus further speeding 
the reaction. Although present large 
blast furnaces use somewhat higher 
pressures than the older, smaller 
ones and therefore operate better, 
attempts to use’ valves at the top of 
the furnace to greatly raise the gas 
pressure have not been successful. 
Future blast furnaces may be small 
and solidly built to withstand ten 
atmospheres or so of gas pressure. 
Changing the gas composition 
and permitting the successful use 
of a catalyst may be more useful 
ways to increase the reduction 
velocity. In choosing a_ catalyst 
there must be considered the fea- 
sibility of obtaining it industrially, 
and the ease and economic expedi- 
ence of applying it under blast fur- 
nace conditions. Hydrogen is the 
best known catalyst and causes such 
a reduction reaction as 
Fe0+C=Fe+Co 

to go with greater speed in its 

presence by means of the reactions 
FeO0+H,=Fe+H,0 
H,0+C=H,+CO 

The catalytic hydrogen is recovered.+ 

The difference in the reducing 
action of CO and H, is explained 
by: (a) the difference in stability 
of their oxides — below 840° C. H,O 
dissociates more easily, (b) the 
faster diffusion of H,, which makes 
its reaction rate four times that of 
CO, (c) the reduction of H,O in 
preference to iron oxides at all 

(Continued on p. 236) 

*Abstracted from “Catalysts for 
the Reduction Process in Blast Fur- 
naces”, by M. I. Korobova and N. I. 
Korobov, Izvestiya Akademii Nauk 
S.S.S.R., Otdelenie Tekhnicheskikh 
Nauk, 1946, p. 567-577. (In Russian.) 

+Epitor’s Note: The action of 
hydrogen in increasing the over-all 
rate of reduction is not “catalytic”, 
in the common sense of the word. 





This is a typical list of manufacturers who, since the end of 
Sunbeam 


the war, have purchased STEWART] 


reduce costs and keep 


A Abroff Mig. Corp 
cker & Man, Inc 

Adams Construction Co 
Addressograph-Multigraph 
Advertising Meta! Display 
All-Steel Equip. Co 
Allbright-Nell Co 
Allen Bradley Co 
Allen Mig. Co 
Allis-Chalmers Mig. Co. 
Altorter Bros. Co 
Aluminum Co. of America 
American Air-Filter Co. Inc. 
American Airlines Inc 
American Bal! Bearing Corp 
American Brake Shoe Co 
American Brush Corp 
American Can Co 
American Cast lron Pipe Co 
American Chain & Cable Co. Inc. 
American Electric Fusion Corp 
American Hordwore 

Corbin Cabinet Lock Div 
American Hollow Boring Co. 
American Instrument Co., Inc. 
American Meter Co, Inc 
American Optical Co 
American Phenolic Corp 
Anderson-Carlson Mig. Co 
Anderson Co 
O.L. Anderson Co., Inc 
Apex Smelting Co 
Armstrong Cork Co 
Art-Craft Optical Co., Inc 
Atchison, Topeka & Santa Fe Ry. Co 
Auto Spec. Mig. Co 
Automatic Electric Co 
Automatic Gas Co. of Columbus, Inc 


B Badger Tool & Eng Co 
B. A. Ballon & Co , Inc 

The Bassick Co 

C. J. Bates & Sons 

Bover & Black Div, Kendall Co. 

Bayuk Cigars, Inc 

Beatrice Stee! Tank Mig. Co. 

Bell & Gossett Co 

Bell & Howell Co 

Belle City Mfg. Co. Inc 

Bendix Aviation Corp 

L. A. Benson Co. Inc 

Bernardin Bottle Cap Co. Inc. 

Blizzard Mf 

Blue Ridge _ tell Castings 

Bolens Products Co 

Bonney Forge Too! Works 

Boston Wire Stitcher Co 

James H. Boye Mfg. Co. 

Brasco Mig. Co 

Chas. D. Briddell, Inc 

Bristol Co 

Broderick Co 

D. S. Brown Co. 

Bucyrus-Erie Co 

Edw. G. Budd Co 

Buick Oldsmobile Pontiac Assembly 
Div., General Motors Corp 

Burgess-Norton Mig Co 

Burndy Eng. Co. Inc 


C Caine Stee! Co 
Cameron Mig. Corp 

Carbo Too! & Die Co 

Carnegie-lilinois Stee! Corp. 

Certain-Teed Prod. Corp 

W. M. Chace Co 

Chain Belt Co 

Chamberlain Corp 

Cherry-Burrell Corp 

Chicago Auto Spring Co 

Chicago & North Western Ry. Co. 

Chicago Pneumatic Too! Co 


Sunbeam 
STEWART 


A DIVISION OF 


Chicago Rawhide Mfg. Co. 
Chicago, Rock Island & Pacific RR Co 
Chicago Screw Co 
Chicago, South Shore & South Bend RR 
Chopie Too! & Die Co 
Chrysler Corp 
M. Cissell Mig. Co 
Cloyson-F orenz 
Clifton Conduit Co 
Colgate Mig. Corp 
Collyer Pom Wire Co., Inc 
Corn Products Refining Co 
Cummins Business Machines 
Cutler-Hammer, Inc 


D Dovis & Furber Mach. Co. 
Day Brite Lighting, Inc 
Deere & Co 
Detroit Gear Div., Borg-Warner Corp. 
trot Stamping Co 
Diamond Expansion Bolt Co., Inc 
Doehler- Jarvis Corp 
Dole Valve Co 
E. |. DuPont de Nemours & Co., Inc. 
Dynamatic Corp 


Eagle Pencil Co. Inc 
Eastman Machine Co. 
Eclipse Sleep Products, Inc. 
Ehlert Tool Eng. Co 
Electric Storage Battery Co. 
Emerson Electric Mig. Co 
Essex Wire Corp 
Chicago Transformer Div. 
-B-M Div 
Eveready Tool Co 
Eversharp, Inc 


7 Fafnir Bearing Co 
Ferrara Spring & Parts Co., Inc 
Fischer & Porter Co 
Michael Fiynn Mfg. Co 
Foreman Mig. Co 
Frazer & Jones Co 


G General Cable Corp 
General Electric Co 

General Motors Corp 
Electro-Motive Div., 
Frigidaire Div 

General Too! & Die Corp 

Geroter May Corp 

Gibson Refrigerator Co. 

Girard Mfg. Co 

Gisholt Machine Co 

Great Lakes Spring Corp 

Green Bay Drop Forge Co. 


H Hommond Brass Works 
Harrington & King Perforating Co 
Hartford Machine Screw Co. 
J. F. Helmhold & Bro 
Hi Level Screw Prod. Co. 
High Speed Hammer Co. Inc 
Hotpoint, inc 
Houdaille-Hershey Corp 
General Spring Bumper Div 
Huntington Div 
kes North Chicago Div. 
M. D. Hubbard ing Co 
B. H. Hubbert & Son, Inc 
Hummer Mfg. Co 
Hy-Pro Tool Co., Inc 
Hydraulic Press Mig. Co 


J- Mlinois Tool Works 
International Projector Corp 

J international Too! & Gouge Co. 
James Mig. Co 

Johnston Lawn Mower Corp 

Jones & Laughlin Steel Corp. 

A.D. Joslin Mig. Co 


INDUSTRIAL FURNACES 


CORPORATION 


( Formerly CHICAGO FLEXIBLE SHAFT CO. ) 
Main Office: Dept. 108, 4433 Ogden Ave., Chicago 23 


New York: 322 W. 48th St. 


Detroit: 3049 E. Grand Bivd. 


Canada Factory: 321 Weston Rd., So., Toronto 9 


A letter, wire or ‘phone call will promptly bring you information and details on 
SUNBEAMSTEWART furnaces, either units for which plans are now ready or units 
especially designed to meet your needs. Or, if youprefer,o SUNBEAM STEWART 
engineer will be glad to call and discuss your heat treating problems with you 


K Kent Galvanizing Co 
Kewanee Mach. & Conveyor Co. 
Klein Mig. Co 
Kraeuter & Co., Inc 
Kropp Forge Co 


L L-S Mfg. Co 
A. Lakin & Sons 

Landis Machine Co 
Leach Co 
Ledkote Products Co. 

eman Machine Co. 
Line Material Co 
Link Belt Co 
Lloyd Mig. Co 
Lobdell-Emery Mig. Co. 
Locke Insulator Corp 
Louden Machinery Co 
Lex Clock Mig. Co 


M Mocey Co., Div. Earle S. Irwin Co. 
Magnetics, Inc 

Malleable Industries 

Manganese Stee! Forge Co Inc 

Manufacturers Machine & Tool Co. 

Marathon Elec. Mig. Co 

McGraw Electric Co 

McHenry Mig. Co 

Mid-States Stee! & Wire Co 

Midwest Brass Forging Co 

Milford Metal Treating Co 

Milford Plastic Too! Corp 

Minneapolis-Honeywel! Regulator Co 

Modine Mfg. Co 

Moijonnier Bros. Co 

Monarch Marking System Co 

Mossberg Pressed Stee! Corp 

Chas. Mundt & Sons 


N Nachman Corp 

Nash-Kelvinator Corp 
National Elec. Welding Machine Co 
National Enameling & Stomping 
National Pressure Cooker Co 
National Rivet & Mig. Co 
New Jersey Instrument Corp 
New Monarch Machine & Stamping Co 
Newark Stove Co 
Northern Electric Co 
Northern Pacific Railway Co 
Northwest Metal Prod. Inc 


O- Ohio Brass Co 
Oliver Corp 
P Pacific States C. |. Pipe Co 
Paramount Wedding Ring Co 
Pearlduck, Inc 
Peerless Roll Leaf Co. Inc 
Penn Rivet & Machine Co 
Petersen Mig. Co 
Phelps Dodge Corp. 
Philco Corp 
Pick Mig. Co 
H. K. Porter Co 
American-Fort Pitt Spring Div. 
Precision Mig. Co 
Progressive Mig. Co 


R Radio Corp. of America 
R. J. Randel Tool! Co 
Manhattan Rubber Mig. Div. of 
Raybestos-Manhattan, Inc 
F. B. Redington Co 
W. H. Reisner Mig. Co. Inc. 
Reliable Electric Co 


FURNACES to help 


themselves competitive 


Remington Rand, Inc 

Republic Stee! Corp 

Rewelec Mig. Co 

Rheem Mfg. Co 

Richardson Scale Co 

Richmond, Fredericksburg & Potomac 


RR Co 
Roy E. Roth Co 
Wm. & Harvey Rowland, Inc. 
Royal Typewriter Co. 
Ruud Mig. Co 
Jos. T. Ryerson, Inc 


Ss Safety Socket Screw Co. 
Sager Lock Works 

Schultz Die Casting Co 

Scovill Mig. Co 

Seneca Wire & Mig. Co 

Servel, Inc 

W. A. Shaeffer Pen Co 

Shepard Niles Crane & Hoist Corp 

R. H. Sheppard Co. Inc 

A. O. Smith Corp 

Solomon Sokoloff 

South Bend Lathe Works 

Sperti Faradoy, Inc 

St. Joe Machines, Inc 

St. Louis Southwestern Ry. Co 

St. Louis Stee! Castings Co 

Staatsburg Ice Too! Works 

Standard Dredging Corp 

Standard Shade Roller Corp 

Standard Stee! Spring Co 

Steel Fabricating & Engineering Co. 

Stewart Die Casting Div 

Stockham Pipe Fittings Co 

Sylvania Industria! Corp 


T Tait Mig. Co 
Tennessee Coal, lron & RR. Co 
Texas Co 
Thomas & Skinner Stee! Products Co 
Tillotson Mig. Co 
Timken Roller Bearing Co 
Tobin Too! & Die Co 
Townsend Co 
Triangle Auto Spring Corp 
Triplett Electrical Instrument Co 


Tube Turns, Inc 

U- U. S. Cloth Cutting Mach. Co 
U.S. Metals Products 

Vv United-Con Fastener Corp 
Universal Chain Co Inc 

Universal Oil-Seal Co 

Usheo Mig. Co., Inc 

Vince Forging & Mig. Co 

Vollrath Non-Ferrous Metal Foundry 


Ww Waterloo, Cedar Falls & 
Northern RR 
Watson Elevotor Co. Inc 
Waukesha Motor Co 
Weaver Mig. Co 
Webster Electric Co 
Western Electric Co., Inc 
Wetmore Reamer Co 
Wisconsin Knife Works 
John Wood Mig. Co., Inc 
Woodring & Wise Machine Shop 


Y~ Yale & Towne Mig. Co 
Ypsilanti Reed Furniture Co 
Z Zenith Radio Corp 


Mail this coupon for complete information 
on furnaces to meet your needs: 


Atmosphere-controlled 


Bonderizing 
Brazing furnace 
Car bottom 

Case hardening 
Combination 
Complete toolroom 


Conti duct 





pr 
heat treat line 
Electric high speed 
Electric pre-heat 
Forging 
Galvanizing 
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C) Gas corburizing 

(_] Gas nitriding 

[_] High speed steed! 
(_) Meta! melting 

[_] Oven 

(_) Pot 

[_] Recirculating 

(_) Rivet heaters 

() Retary hearth forge 
(_] Soldering iron heaters 
(_] Tempering 

(J Toot hardening 


tle 





| ILENE Mt rr 


SEWAGE 
AGITATION 


Simplicity of design and 
wide clearances — ideal 
for continuous service 


oo -.  — 


RESPIRATOR (7 


_ 
A few ounces of clean air with recog- t 
nised reliability and quiet operation 


FURNACES 
AND OVENS 


Spencer is recom- 
mended by more than 
thirty manufacturers 


DRYING DISHES 


P The air is filtered—therefore 
cleaner than that of the room 


DEHUMIDIFICATION 


The Spencer can be mounted any- 
where. There is little vibration 


SPENCER VACUUM 


Portable and stationary systems in sizes 
from 1'2 to 100 HP are used for metal 
reclamation, conveying, and more than 
100 unusual applications in industry 


ASK FOR SPECIAL 
APPLICATION DATA 


3918 


SPENCER coos 


HARTFORD HARTFORD 6, CONN. 
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Blast Furnace 


(Continued from p, 234) 
temperatures by C and CO, and (d 
the special activity of nascent 
hydrogen. 

Catalytic gases other than H.,, are 
unknown, while cost and searcits 
prevent the use of solids such as Ni, 
Co, Pt, Hg, Cu and V. Carbon in 
one of its active forms is a suitable 
catalyst, and carbon-black forming 
inside pieces of ore shatters them, 
thus increasing the reaction surface 
Preliminary tests have shown that 
from 5 to 8% Na,O in the charge 
increases the reduction velocity of 
titaniferous ores by two to ten fold 

Although 96% H, can be pro- 
duced commercially for direct intro- 
duction with the blast into the 
furnace, the process is complex and 
costly. Therefore the procedure used 
was to add steam to the blast and 
to allow H, to be produced inside 
the furnace by the reaction of the 
H.O with CO or C. This was first 
done in Russia in September and 
October 1939, by L. Ya. Gabrielyan. 
After five days of normal operation 
in which comparison data were 
obtained, gradually about 5 steam 
was added to the blast with addi- 
tional heating of the blast to com- 
pensate for the heat lost in decom- 
posing the steam. 

Over a 23-day program the quan- 
tity of steam added to the blast was 
from 1.5 to 4.0 tons per hr., the 
blast temperature was between 750 
and 800°C., the blast volume was 
between 2400 and 2600 cu.m. per 
min., and the average daily tonnage 
was 1455 compared with 1135 for 
ordinary operation. The H, content 
of the blast furnace gas was 4.4‘ 
instead of the usual 1.5 to 2.0%. 
The oxidizing zone in the furnace 
was widened considerably because 
of the decomposition of the steam 
The furnace ran more evenly and 
coke consumption per ton of iron 
decreased.* An 11-day run in a 
second plant confirmed these results 

It is concluded that the steam- 
air mixture can be used to avoid a 
number of operating difliculties, as 
well as to increase the productivity 
of the blast furnace. The mixture is 
mandatory for all furnaces, but the 
amount of steam is limited by the 
permissible blast temperature — 6’ 
H.O is the limit for a blast temper 
ature of 1000° C, 

«Epitor’s Note: During the war, 
steam was added to some Americar 
blast furnaces as a corrective mea 
ure when the quality of the coke wa 
poor. However, American experienc: 
was that an increased amount of coke 
was required. 





C Vie ten woth tbs weigh Cin Gold! 


When production groans to a halt because of bro 
ken or fractured equipment, many shop-owners 
would gladly pay the price of gold for the few 
ounces of bronze needed for a reliable repair- 
weld. 

They don’t have to, of course. For repair-weld 
ing with Anaconda Bronze Rods—particularly 


DON'T SCRAP IT... BRONZE WELD IT! 
Bronze welding is safe, speedy and economical. Large or 
small, bronze welds are tough and readily machinable 
method of oxyacetylene welding on cast or mal high in strength and low in residual stresses—an ideal 
leable iron, steel or copper alloys combination for repeir welding, for building up worn sur- 
ee eee eee “os ; ) ; P faces, and for production welding, too. Tobin Bronze and 
Over the decades that time-tried Tobin Bronze other Anaconda Welding Rods are described in this NEW, 
has served so well, many “new” rods and pro- 17th Edition of Publication B-13. Write for a copy 
cedures have sprung up with mushroom-like 
growth, only to disappear as quickly—victims of 
their own lack of dependability! 


Tobin Bronze*—is a low-cost, low-temperature 


Whether you do your own repair welding or 
call on outside help, play it safe—insist on genuine 
Tobin Bronze. 


THE AMERICAN BRASS COMPANY 


General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company 
In Canada: Anaconda American Brass Ltd., New Toronto, Ont 


*Reg. U.S. Pat. Off. 


BRONZE WELDING RODS 
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If you are going to machine, thread, flare, bend, slit, 
or flatten Superior Carbon Steel Tubing—it comes to 
you ready to be fabricated. Used for spacers, bushings, 
machine parts, hydraulic and pressure lines, punches, 
valve parts, aircraft structures, electrical appliance 
components and condensers of all types. 


Standard or special tempers and tolerances are a part 
of our day’s work—for Superior is a “small” tubing 
mill—producing in every day fashion what some mills 
consider premium “‘specialty” tubing. 


Compare Superior smooth surface finish and see the 
difference. A 3’’ sample will be furnished upon request, 
for your inspection. 


To meet every requirement of your specification, 
Superior produces tubing in the following carbon 
steel analyses 
MT* 1008 MT 1118 MT 1035 
MT 1010 MT 1020 MT 1075 


MT 1015 MT 1025 MT 1095 
*MTs—Mechanical Tubing, AISI Designation 


Superior distributors carry at all times standard analy- 
ses and sizes in warehouse stocks for immediate de- 
livery. We'll gladly put you in touch with them 


Every foot of Superior Carbon Steel is made to speci- 
fications—the mill carries no finished stocks. Produc- 
tion is prompt and flexible, and supplements distribu- 
tors’ stock to your advantage—there is no need to 
accept a substitute when you specify Superior Carbon 
Steel Tubing. 


Many times we are able to aid you in licking production 
problems by investigating your specific “end use 

requirements, and applying, our specialized technical 
and practical experience for your benefit 


SUPERIOR TUBE COMPANY 


2008 Germantown Avenue: Norristown, Pa. 


For Superior Tubing on the West Coast, call PACIFIC TUBE CO., 
5710 Smithway St., Les Angeles 22, Cal. © ANgelus 2-215! 
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Testing of 
Bearing Materials* 


HE tests previously used for 

bearing materials were of the 
service type and were unsatisfac- 
tory because they took a long time 
and failed to separate the variables 
influencing bearing life. This paper 
describes several test methods and 
machines developed in Russia to 
determine the essential requirements 
of a bearing material. 

To test the ability of a bearing 
material to “run in”, the periphery 
of a rotating hardened steel disk is 
caused to rub against a block of 
the test material by means of a load, 
q, thus causing a depression to be 
worn in the material. The depth of 
the depression increases rapidly at 
first but approaches a_ constant 
value in a short time. If the load 
is increased to 2q the depth again 
increases and approaches a higher 
constant value. If from results of 
this kind a plot of depth versus unit 
pressure on the bearing metal is 
made, a limiting value of pressure, 
Pax iS found following a period of 
constant increase. As criteria of the 
ability of a given bearing metal to 
“run in” both the value of p,... and 
the slope of the curve of constant 
increase of p are used. 

Of the various types of wear that 
occur in bearings, abrasive wear is 
of most interest. In 1937 two new 
principles of abrasive wear testing 
were announced: (a) rubbing must 
always be on a fresh abrading sur- 
face, and (b) the abrasion capacity 
of the abrading surface must be 
quantitatively determined by means 
of a standard material. These prin- 
ciples were incorporated in a test 
in which one end of a directly- 
loaded cylindrical bearing-metal 
specimen was rubbed against a 
horizontal rotating emery-cloth disk. 
By gradually moving the specimen 
radially, fresh abrasive material 
was continuously made available. 
Only half of a given emery disk 
was used in testing one bearing 
metal; the other half was used to 
rate the abrading capacity of the 
emery by means of a_ standard 
material. The measure of wear is 
the decrease in length of the test 
material compared with the de- 
crease in length of the standard. 
For homogeneous (To p. 239) 

*Abstracted from “New Methods 
of Testing Bearing Materials”, by 
M. M. Khrushchov, Jzvestiya Aka- 
demii Nauk S.S.S.R., Otdelenie Tekh- 
nicheskikh Nauk, 1948, p. 1613-1620. 
(In Russian.) 





Bearing Materials 


(From p, 238) alloys and pure 
metals there is an inverse relation 
between wear and macrohardness. 
This law does not hold for hetero- 
geneous alloys. 

The value of microhardness test- 
ing of bearing materials is) shown 
by the following examples. The 
ability of bearing metals to absorb 
abrasive particles is higher the 
lower the hardness of the softest 
constituent in the cold worked sur- 
face layer. Also, if scratching of 
the steel shaft is to be avoided, the 
shaft hardness must be greater than 
that of the hardest component of 
the bearing. 

Fatigue failures leading to the 
formation of cracks and the crum- 
bling of the bearing layer are a 
serious problem in bearing design. 
Two methods are available for the 
fatigue testing of steel-backed bear- 
ings. The first consists in vibrating 
the end of a cantilever beam of the 
bimetallic specimen until the first 
crack in the polished surface can 
be seen with a hand lens. The 
results are plotted as the logarithm 
of the amplitude of vibration versus 
the logarithm of the cycles needed 
to crack. The second method con- 
sists in rotating a steel ring, with 
the bearing metal cast inside, under 
the action of three rolls that exert 
pressure on the ring. Again the 
results are plotted as the logarithm 
of stress versus the logarithm of 
cycles to first appearance of a crack. 
Dynamic rather than static values of 
the elastic moduli are needed for 
stress calculations, and these are 
determined by special methods on 
the steel-backed bearing metals. 

Although sketches and descrip- 
tions of the testing machines are 
given in this article, no test data are 
listed. However, these are undoubt- 
edly given in most of the nine Rus- 
sian papers cited as references. 


Safe Techniques 
With Tracers* 


SE of radioactive 
introduced entirely new risks 
in handling otherwise innocuous 
material. Exposure to external ra- 
diation or introduction of radio- 
active substances into the body 
through inhalation, (To p. 240) 
*Extracts from “Watch That 


Spill”, Industrial Bulletin of Arthur 
D. Little, Inc., July 1949. 


tracers has 





Guaranteed Results from 
FURNACES - OVENS - DRYERS 


in the OVER-ALL JOB by 


* CONTINENTAL 


—« | 


FURNACES 


PRODUCTION LINES 
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problems to results... 


As varied as the problems were in these 
heating process requirements, CONTI- 
NENTAL produced the solutions. We have 
the answer to your problems, too. 

CONTINENTAL planned performance 
starts with the analysis of your problem 
and production requirements. It carries 
through with the selection and develop- 
ment of the best methods, estimates costs 
and savings, designs and builds the equip- 
ment, and provides the work-handling ac- 
cessories and control devices. Further- 
more, CONTINENTAL handles the complete 
installation, turning over to you a unit- 
ized, producing job with guaranteed results 

Our 25 years’ experience and diversified 
research have produced numerous original 
designs and improved procedures. All of 
this data is available for preliminary plan- 
ning. CONTINENTAL invites you to share 
its engineering “‘round table’’ to discuss 
the expansion, remodeling, or modernizing 
plans you have in prospect. There is na 
obligation. 


CONTINENTAL INDUSTRIAL ENGINEERS, INC. 
176 W. Adams Street, Chicago 3, Illinois 
District Representatives 


Ridgewood, WN. J 
St. Louis 


* Cincinnati 
Cleveland 


Indianapolis 
Detroit 


Milwawkee 
Pittsburgh 


Every Plant Needs CONTINENTAL 
Write for This New Booklet No. 127 
See How CONTINENTAL Con Help You. 


SPECIAL MACHINES 


COMPLETE PLANTS 





Time Saver Steel 


f Muse times 
This plastic mold, with yokes of 
e Speed Alloy and hardened tool 
steel inserts, was made by Chicago 
Mold Engineering Co. Yokes were 
rough machined, then normalized, then fin- 
ish machined, pack carburized, oil quenched 
and drawn at 450°F. Hardness of 58 Rockwell C 
resulted. 
you’re tired of wearing down pencil points figur- 
ing jobs, Speed Alloy Hot Rolled Alloy Steel Plates are the 
answer. Users are calling it “the most economical mold and die 
steel available.” Bridges the gap between carbon and tool steels. 
Deep hardening properties (surface hardness in excess of 40 
tockwell C, core hardness up to 37 Rockwell C, depending upon 
section, are typical) result from the addition of chromium and 
molybdenum, permitting use where relatively high compressive 


strengths are required. 


Speed Alloy gives real ease of machining with economical 
high polishing of surfaces at varying hardnesses. Essentially 
an oil hardening steel, a wide range of physical properties are 
obtainable by varying heat treatments, allowing wide diversity 
of use ranging from zinc die casting dies and machined parts 
to plastic compression molds. Ask for Bulletin 905. 

Speed Alloy plates stocked in widths up to 72” and thick- 
nesses to 6” by Speed Steel distributors, which can be flame 
cut to specifications, an advantage not obtainable in com- 
petitive steels. 





iase WS Houur Day& Go. 





SPEED STEEL PLATE DIV. 
137th & Sheffield Ave., Hammond, Indiana 
Plants: Hammond and Indianapolis, Indiana 
DISTRIBUTED BY 
Bridgeport Steel Co. Grammer, Dempsey & Hudson, Inc. 
Bridgeport, Conn. Newark, New Jersey 


Burger Iron Co. 
Akron, Ohio 


Brown-Wales Co. 
Boston, Mass. 
Horace T. Potts Co. 
Philadelphia—Ba!timore 


Passaic County Steel Service, Inc. 
Paterson, N. J 
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Tracer Elements 


(From p, 239 by mouth, on 
absorption by the skin coustitutes 
a health hazard, even when the 
quantities involved are extremely 
small. Cross-contamination of ex 
periments by transfer of radio 
activity from one area of the 
laboratory to another is) consider 
ably more difficult to avoid. 

The design of the individual 
laboratory and the experimental 
procedures vary according to. the 
quantity and type of radioactive 
material. Substances emitting 
“hard” radiations, even when en 
closed in glass, must be surrounded 
by lead or concrete, and the 
worker must employ long tong 
and similar instruments. (Editor's 
Note: These would not appear in 
any metallurgical work that has 
yet been publicized.) “Soft” o1 
low-level radiation is stopped by 
rubber gloves, a few inches of air 
space, or other light barriers. Thes¢ 
materials are dangerous, however, 
within the human body, and must 
not contaminate other experiments. 

There are at least two ap 
proaches to handling material with 
low-level radiation. One involves 
complete confinement of the mate 
rial within sealed equipment. \ 
number of operations requiring sey 
eral days may be carried on inside 
trains of containers, with the solu 
tions moved from flask to flask by 
syringes. The same principle is 
applied with the “dry box”, a metal 
or wooden box equipped with win 
dows and two large rubber gloves 
sealed into the wall of the box, for 
manually manipulating equipment 
inside the box. With the radio 
activity so confined, the remainder 
of the laboratory can be con 
structed along conventional lines. 

In the second, and more com 
mon, approach, modifications of 
normal laboratory procedure = are 
used. Possibility of contaminating 
the laboratory is recognized and 
periodically checked. Provision ts 
made for more ventilation, with a 
fairly high face velocity through 
openings in hoods, boxes, and other 
working areas, and frequent 
changes of air throughout the lab 
oratory. Permanent equipment and 
structures are designed for easy 
decontamination Which may 
range from simple scrubbing to 
complete removal and disposal of 
the contaminated surface. 

Plastic 


films which can be peeled off easily 


Protective Coatings 


have been found useful as a pri 
(Continued on p, 242) 
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Perhaps our conservative attitude towards metal powder 
applications has discouraged many manufacturers from mak- 
ing use of powder metallurgy. 


Naturally, we’re sorry about this. But our established realis- 
tic policy of taking only the kind of business that results in 
lasting satisfaction for the customer remains unchanged. 


We'd still rather lose an order than speculate with a manufac- 
turer’s time and money on the mere chance that powder metallurgy 
might work for him. 


That’s why we consistently emphasize the requirements for 
practical metal powder parts production. That’s why we tell 
you that we can’t honestly begin to accept your business un- 
less the parts you need fulfill these conditions: (1) The 
shape permits good die fill and proper density; (2) the order 
is sufficiently large to justify initial tooling costs; (3) the 
physical properties and tolerances required are within the 
range obtainable in normal factory production. 


MORAINE PRODUCTS 


a , DIVISION OF GENERAL MOTORS DAYTON, OHIO 


afer . > 
METAL POWDER PARTS... BY MORAINE 
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wit ‘Al AX TAMA-WYATT 


INDUCTION FURNACES 
for Aluminum Alloys 


BETTER PRODUCTION 
THROUGH TOP PERFORMANCE 
1S THE AJAK RECORD 


Ajax-Tama-Wyatt induction furnaces 
are used in the United States and abroad for 
melting and holding aluminum alloys in 
die casting, permanent mold, and sand 
foundries. 

No flux or mechanical stirring is neces- 
sary. The metal is in constant gentle cir- 
culation assuring complete blending of 
alloys, and a uniform temperature through- 
out the metal. 

Electric energy costs less than fuel and 
avoids danger of overheating. Completely 
automatic temperature controls hold metal 
to within 5° F., at the lowest possible tem 
perature for perfect casting. With an 


Ajax the yield for perfect castings is 
exceptionally high. 

There are no fumes and operation is 
practically noiseless. Shops are cooler, 
more comfortable — manpower efficiency 
is increased. Shop space is increased, for 
an Ajax Holding Furnace takes an average 
of 30 to 40 per cent less floor space than 
any other furnace. 

The Ajax companies have been pioneers 
in induction melting of metals since the 
first World War. To date they have 
installed more than 400,000 KW. of fur- 
nace capacity in the United States alone 
This is the background of experience 
behind every Ajax installation 


AJAX ENGINEERING CORPORATION 
TRENTON 7, NEW JERSEY 


p INDUCTION MELTING PURNALE 








asan METAL COMPANY, bor 
% CLECTROTHERM: 


re 
AJAK ELECTRIC Fummace con. he 
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Tracer Elements 


(Starts on p. 239) 

mary barrier to protect permanent 
coatings and base materials from 
radioactivity. These films may be 
adhesive-backed plastic sheeting, 
or a clear coating sprayed on, like 
paint. Paint which has become 
contaminated is softened with paint 
remover and scraped off. Where 
radioactive products have pene- 
trated base materials, they may be 
ground or scraped, or it may be 
necessary to remove them for dis- 
posal. Use of base materials which 
are absorptive, which create dust 
when scraped, or are difficult to 
remove, is avoided. Concrete floors, 
for example, are preferably pro- 
tected with renewable flooring ma- 
terial. In the ideal laboratory, the 
interior walls would be made of 
double, painted, metal panels, indi- 
vidually removable without dis- 
turbing the adjacent laboratory. 

All surfaces should be made 
as smooth as possible and cracks 
covered or filled with caulking 
materials. Laboratory furniture 
(benches, hoods, and sinks) in the 
newer laboratories are being made 
as easily removable as possible and 
at the same time are protected 
with paint and films to minimize 
the necessity for replacement. 
Bench tops, for example, are coated 
with plastic sheeting and then cov- 
ered with stainless steel trays to 
confine any accidental spill or 
spatter. 

Some of these newer desirable 
features can be economically 
achieved only in newly designed 
and constructed laboratories. For- 
tunately, the more important re- 
quirements for low-level radiation 
may be adequately met by super- 
imposing suitable materials and 
methods on the existing buildings 
and equipment. 


Effects of 
Internal Stresses 


N previous issues of Metal Prog- 
ress, the first 30 papers in the 
“Symposium on Internal Stresses 
in Metals and Alloys” (Institute of 
Metals, London, 1948) have been 
reviewed. The last section of the 
Symposium, consisting of six papers 
on effects associated with internal 
stresses on a macroscopic scale, is 
considered here. 
This section begins with a paper 
(Continued on p. 243) 





Internal Stresses 


(Starts on p. 242) 

by U. R. Evans, the well-known 
specialist on corrosion phenomena. 
His paper is one of the longest in 
the monograph (26 pages, 73 refer- 
ences) and begins with a brief de- 
scription of his experimental work 
with stresses in oxide films on 
nickel, for which he developed a 
method of transferring the films to 
a coat of vaseline on glass. The film 
is under a state of stress while on 
the metal and, on release, it wrin- 
kles, rolls up or develops gaps 
according to the stress and film 
thickness at the given point. 

In the third subdivision of his 
paper, Evans discusses briefly the 
theories of oxidation in general and 
even more briefly the theory of 
finite thickness of the oxide film on 
aluminum. As to the influence of 
internal stresses existing in the 
metal itself, he says that these will 
presumably be inherited by the film 
of oxide and add to its own stresses. 

The author discusses next the 
effect of residual stresses on three 
types of corrosion in liquid me- 
diums, namely, anodic, by dissolved 
oxygen, and by acids. This is 
followed by a discussion of stress- 
corrosion cracking of brass, alumi- 
num-magnesium alloys, aluminum- 
copper alloys, caustic cracking, 
nitrate cracking, gas-detarrer crack- 
ing, and corrosion fatigue. The latter 
is given only ten lines; it requires 
applied stress, but residual stresses 
are used as correctives. Finally the 
author examines the mechanical, 
thermal and zine coating treatments 
as remedies against stress corrosion. 

Although this paper is almost the 
longest of all published in the mon- 
ograph, the scope treated is so large 
that the treatment becomes rather 
sketchy. 

The reader can get more specific 
information from the article by F. 
H. Keating on the chemical man- 
ifestations of internal stress (23 
pages, 98 references). His brief 
introduction represents a_ precise 
statement of the  stress-corrosion 
phenomena, and it is good to read 
that despite the many studies of 
stress corrosion in aluminum alloys 
and stainless steels, which might 
lead to the false idea that the 
problem is quite acute, “the service 
performance of the alloys appears 
to be very good from the point of 
view of stress corrosion”. 

This clear-cut introduction is 
followed by the discussion of spe- 
cific items arranged by the basic 

(Continued on p. 244) 





KINNEY 


SWEEPS OUT AIR, AND MOISTURE, T00! 


Again Kinney Vacuum Pumps Improve a Product! 


At Canadian General Electric Company, Ltd., Kinney High Vacuum Pumps 
produce low absolute pressures that help increase the dielectric strength 
of capacitors by many thousands of volts. Each capacitor, before final 
filling and sealing, is subjected to a “vacuum cleaning” that removes 
harmful air and water — two serious deterents to efficient capacitor opero- 


tion. Thus, Kinney Pumps make small capacitors perform like big ones. 


Scores of other production and processing operations employ Kinney High 
Vacuum Pumps with equally profitable results. Dehydration, Distillation, 
evaporation, and many other basic production methods gain new speed 
and economy — plus noteworthy improvements in product quality — with 
low absolute pressures. There’s a Kinney Pump for every need: eight single 
stage and two compound models . . . capacities from 13 to 702 cu. ft. per 


min. . . . for low absolute pressures to .5 micron. Write for Bulletin V-45. 


KINNEY MANUFACTURING COMPANY 


3584 WASHINGTON ST., BOSTON 30, MASS. 
NEW YORK * CHICAGO * CLEVELAND * PHILADELPHIA + LOS ANGELES * SAN FRANCISCO 
FOREIGN REPRESENTATIVES 
GENERAL ENGINEERING CO. (RADCLIFFE) LTO Station Works, Bury Rood 
Radcliffe, Lancashire, England 
Melbourne, C. |. Australic 
Johannesburg, Union of South Africo 
Zurich, Switzerland 


HORROCKS, ROXBURGH PTY., LTD 
W,. S. THOMAS & TAYLOR PTY., LTO 
NOVELECTRIC, LTO 


WE ALSO MANUFACTURE LIQUID PUMPS, CLUTCHES AND BITUMINOUS DISTRIBUTORS 
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New HIGH PRESSURE STEAM Fan Heater 


Gives Savings You 
Never Had Before 


The first heater to make High 
Pressure Steam really trouble- 
free and practical in plant 
heating. Every engineer should 
understand its original 
method; write for Niagara 
Bulletin and performance 
data. 


HOW IT OPERATES: —A dual coil 
system makes use of all heat, both 
sensible and latent. High pressure 
steam enters the upper coil, shown on 
the diagram below. Its condensate 
drains into a trap. Then this high 
pressure condensate is released into the 
header of the lower coil. It instantly 
flashes into steam at vapor pressure. 


Any high pressure condensate that 
remains liquid is carried to the vapor 
condensate return header by a drain 
tube that also gives off its heat into 
the air stream. 


The vapor condenses in the lower 
coil. Its condensate is kept at a high 
level in the return leg by a wier in the 
return header so that all its heat is 
made useful and it is sub-cooled by 
contact with the coldest air entering 
the heater. Vacuum condensate return 
to boiler is vapor free. 


High Pressure 
Steam Fan Heater 
(Patented) 


ENTERING 
HIGH PRESSURE. + + > 
STEAM t { - 


HOW IT SAVES IN COST: — Piping 
is much simpler and less costly than in 
low pressure systems. Much secondary 
piping, traps and big valves are not 
needed. Pipe sizes are smaller. 


HOW IT SAVES IN OPERATION: — 
Waste is prevented. Every BTU goes 
where you want it. No dump traps or 
hot wells waste live steam. 


HOW IT SAVES IN UPKEEP: — 
Condensate flow is even, vapor free, 
easily handled. No sudden surges of 
condensate in starting. No hammering, 
no hard wear and tear on system. 
Properly engineered for the job, final 
air temperatures are not excessive; heat 
easily directed where needed; no flash- 
ing of low pressure condensate. Heaters 
are self-draining on shut-down. Heaters 
are strongly built; all coils including 
the condensate drain tubes are hairpin 
bend, stress relieving. Use thru four 
heating seasons has proven these 
advantages in large scale plant heating. 


:] 


j| am 
| DISCHARGE 


) = 
’ 


HIGH PRESSURE STEAM CONDENSING CON 


_ HIGH PRESSURE CONDEN 


Val 
.,, VAPOR CONDENSING Con 


VAPOR CONDENSATE RETURN 


CONDENSATE ENTERING AR 


RETURN 
TO BOUER 


NIAGARA BLOWER COMPANY 
Dept. MP 405 LEXINGTON AVE., NEW YORK 17. N. Y 


Piease send Bulletin 109 on the Niagara High Pressure Steam Fan Heater. 


Name 


Address 
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Internal Stresses 


(Starts on p. 242) 
metal in the alloys in question. 
First come the brasses and tin 
bronzes; it is stated quite definitely 
that the season cracking of these 
alloys is caused by the release of 
tension stresses by the corroding 
medium and that pressure stresses 
produce no season eracking. An- 
other important statement tells us 
that the action of mercury is not 
yet understood and that the action 
of that element and the action of 
ammonia are by no means identical. 

Talking about light alloys in 
general, the author points out that 
the numerous laboratory investiga- 
tions had no background of urgent 
industrial demand, for the number 
of stress-corrosion failures of light 
metal parts in service, as reported 
in the three nations intensely and 
actively interested, has been very 
small. The research work done was 
essentially of a scientific nature 
leading to an increase in under- 
standing not to immediate results. 

Next Keating examines the alu- 
minum alloys containing precipi- 
tates of CuAl, or AL.Mg., where the 
action of stress accelerates the rate 
of corrosion if a state of advanced 
grain-boundary precipitation exists. 
The magnesium alloy” containing 
1.5°% Mn is fairly resistant to stress 
corrosion, but the alloy containing 
6° Aland 1% Zn is rather sensitive 
in this respect. The few service 
failures known have been attributed 
to residual stresses from fabricating 
operations, not to service stresses. 

There follows a brief statement 
that cracking of highly = stressed 
nickel has been observed in fused 
caustic soda and caustic potash and 
that stress relieving between 550 
and 850° C. has been found effective 
in eliminating cracking. Lead can 
fail by intererystalline cracking if 
stressed in tension in the range of 
170 to 570 psi. 

Turning to ferrous materials, the 
author discusses caustic embrittle- 
ment and the cracking of mild steel 
in nitrate solutions. The treatment 
of the subject is too brief and too 
thorough to permit abstracting, for 
almost every word of it is of dis- 
tinct importance. 

Coming to the austenitic stain- 
less steels, the author discusses the 
intergranular corrosion due to car- 
bide precipitation, in which the 
service stress or the internal stress 
can be of a merely auxiliary nature, 
and where no stress relief by low 
temperature treatment can be of 

(Continued on p, 250) 





Maintained strength at 
elevated temperature be- 
cause of exceptional resistance 
to oxidation is distinctive with 
new grades of Kennametal, 
which give promise of outstand- 
ing results in materials applica- 
tion. Already they have shown 
notable possibilities for blades, 
nozzles, and similar elements sub- 
jected to high temperature. 


Distinguishing Features 


At high temperature, K138 
and K138A: 


Resist oxidation 
Withstand abrasion 
Retain high strength 


Resist thermal shock 


Typical Useful Applications 


Hot spinning tools for steel 
These Kennametal heat-resistant ee 


grades (K138 and K138A) have 
lower density and higher modulus 


of elasticity than ‘‘super” alloys, 


tubing 


Thermo-couple protection tubes 
for molten metal 


withstand thermal shock better than engines 
ceramics, and show notably high 


Valve seats for internal combustion 


High temperature resistance heating 
fatigue strength. 


elements 
They are composed mainly of tita- —e dies for copper and other 
nium carbide with other refractory car- 
bides, and cobalt as auxiliary metal— 
furnished molded or extruded in conven- 
tional shapes and sizes, or in larger, 
more complex forms—can be ground like 
other Kennametal compositions—and are Aa 
preferably applied by mechanical holding 

If you need a material that will withstand 
oxidation, retain strength, and withstand 
abrasion at high temperature — investigate 
heat-resistant Kennametal. Our engineers ‘oo ere 


will be glad to cooperate. KENNAMETAL Duc.. LATROBE. PA. 


Heat- 
tal esistant 


1000 psi 1800 F 
Electrical Conductivity Young s Mod. of Elast 
*, of Copper Standard 1,000,000 psi 


“Ce mpressive Strength 
1,000 psi 


Furnace rollers for conveying hot metal 
Supporting pins for enameling furnaces 


Bushing and sheor for guiding and 
cutting off hot rod 


NNAMETAL 


SUPERIOR CEMENTED CARBIDES 





PHYSICAL 
PROPERTIES 





MECHANICAL 
PROPERTIES 
Rockwell A Hardness 


Modulus of Rupture Room Temp 


eH. of Thermal Expan 
6 


10 F. up to 1200 F 
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ELECTRIC HEAT CUTS 
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Installation at Dill Manufacturing Company showing two Hayes “Certain Curtain” 
furnaces equipped with GLOBAR silicon carbide heating elements. These furnaces 
have combusted gas atmosphere door seal at the charging end and controlled 


atmosphere cooling chambers and door seals at the discharge end. 











“Carborundum” and “Globar” are registered trademarks which indicate manufacture by The Carborundum Company 


Metal Progress; Page 246 





COSTS 337 


33% saving in heat treating time and labor is reported 
by Dill Manufacturing Company through the opera- 
tion of electric furnaces equipped with GLOBAR sili- 
con carbide heating elements. Previously, four furnaces 
were used for annealing brass valve stems, steel and 
brass ferrules and similar parts. By replacing these fur- 
naces with two Hayes controlled atmosphere furnaces 
and reducing the annealing cycle to two thirds of the 
former cycle, an important reduction in operating 
costs is obtained. 


Extra savings are also realized from the clean work 
produced by these furnaces. Because the valve stems 
are given three anneals, three picklings were formerly 
required. Clean annealing has eliminated two of these 
picklings with important savings. Greatly increased die 
life also results from reduced attack by pickling solution 
remaining on the valve stems. Production of valve 
stems of uniform high quality is assured. 


Electric furnaces equipped with GLOBAR heating ele- 
ments are providing equally important economies in 
an increasing number of plants. Their many advantages 
may provide the answer to your heating problem. For 
more complete information on installation and operat- 
ing details, write Dept. X-89, The Carborundum 
Company, GLOBAR Division, Niagara Falls, N. Y. 


LOBAR teatin 


sy CARBORUNDUM 


ADVANTAGES 


of Electric Furnaces 
equipped with GLOBAR 
Heating Elements 


1 Uniform work chamber temper- 
atures, 


Consistently excellent results. 


Clean operation — no dirt, no noise, 
no expensive exhaust systems 
required. 


Customer satisfaction assured. 


More work chamber space. 


Reducing atmosphere maintained 
under controlled conditions 


Operation unaffected by atmos- 
pheric conditions. 


Safer high temperature operation 
—no explosion or fire hazards 


Long and dependable element 
service. 


Neat, compact installation. 





9 Elements 
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SILVALOY 


SILVER BRAZING ALLOYS 











3348 S. PULASKI ROAD 
CHICAGO 23, ILL. PHONE: Bishop 7-7700 


SALES MINNEAPOLIS INDIANAPOLIS KANSAS CITY GRAND RAPIDS 
OFFICES: 529S.SeventhSt. 1916 N. Meridian St. 227 Werby Bldg., 39th & Main Sts. 1002 Michigan Nat'l Bank Bldg 
NEstor 6614 TAlbot 1506 JEfferson 1080 Grand Rapids 93-3918 


DETROIT 10 ST. LOUIS 10 MILW AUKEE 
WAREHOUSES: 5151 Wesson Ave. 4565 McRee Ave. 647 W. Virginia St. 
TYler 6-3000 GRand 5255 DAly 8-6840 








SILVER | MELTING | FLOW 
dustry, refers to those alloys which are consis- CONTENT | POINT POINT 


tently ordered and re-ordered, and which have SILVALOY 15 15% 1185°F 1280°F | 
proven themselves to be of high quality and to 
give uniformly good brazing results SILVALOY 20 1430°F 1500°F 
These alloys, plus high quality fluxes and many SILVALOY 35 1125°F 1295°F | 
special brazing alloys, are now available ’ " 
through STEEL SALES CORPORATION ware- | SILVALOY 40 mr | ar 
houses and sales offices, as listed. This means SILVALOY 45 1125°F 1145°F 
excellent service plus expert technical assis- - | 
tance readily available for your convenience. SILVALOY 50 Leer —* 


THE AMERICAN PLATINUM WORKS 7° Nifwasi'! &% 4! 


> 
CHICAGO SALES OFFICE: 55 E. WASHINGTON ST., CHICAGO, ILL. CENTRAL 6-5272 


SILVALOY, the silver brazing standard for in- | | 





| 
| 
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OVER 50 YEARS OF 
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IN IP STEELS 


Specialization, in the fundamental Superior 
way, extends throughout our plant facilities, our 
research and our manufacturing techniques 

to the sole end of producing finer strip steels 
for our customers. Our new plant installations, 
—including the Hot Mill shown above, cold 
rolling mills, and strip handling and storing 
facilities—signify faster, better service over a 
wider market range. e Let us detail the benefits 
to you of Superior specialization! 


CORPORATION 
CARNEGIE, PENNSYLVANIA 








Clean and Inhibit Rust 
on Iron and Steel Parts 
in Just ONE Operation! 


Today, Diversey No. 16 is being used with phenomenal 
success by a great number of plants for the general cleaning of 
ferrous parts before inspection and assembly, and between 
machining operations! 


Designed for use in spray washing machines, Diversey No. 16 
not only provides a superior, accelerated cleaning action, but 
also coats the cleaned metal surface with a light almost invisible 
film which assures rust prevention for several days! This unique 
film is harmless to inspector's hands, does not gum or clog inspec- 
tion gauges, may be easily and quickly removed with a hot 
water rinse! 


Diversey No. 16 is non-foaming . . . possesses complete and fast 
wetting and emulsifying properties . . . produces no scum or 
curdy precipitates ... keeps pump, pipes, nozzles and screen of 
spray washing machine absolutely clean . . . fast, safe, conven- 
ient, economical to use! Write today for complete information! 
Mail the handy coupon below! 


THE DIVERSEY CORPORATION 
Metol Industry Dept 
53 W. JACKSON BLVD., CHICAGO 4, ILL 


fe] } ) 
J i é 4 
Pai wy Gentlemen 
Please send me complete information on Diversey No. 16. 


aS 


Nome —— 


THE DIVERSEY CORPORATION Company 


Metoi Industry Dept. 
53 W. JACKSON BLYD., CHICAGO 4, ILLINOIS 


Address 


I this coupon today 


al 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


City State- 
Rome 
*TRADE MARK REG 
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LINDBERG 


VITREOUS ENAMELING FURNACES 


PROCESS 58,000 LBS. PER HOUR 
OF LUSTRON HOMES 


The new factory-built Lustron Home. 


Lindberg designs, fabricates, and installs a 
complete line of oil, gas, and electrically 
heated industrial furnaces for enameling, 
Whether you 


need a small laboratory furnace, a standard 


heat treating, and melting. 


production line model, or a large, specially 
designed and custom built installation, con- 
sult your local Lindberg representative . . . 
or write to Lindberg Engineering Company, 
2448 West Hubbard Street, Chicago 12, 
Illinois. 


Two large electrically heated Lindberg Vitreous Enameling Furnaces process 
58,000 Ibs. per hour of Vitreous Enamel on steel (with tools). 

These two Lindberg Furnaces, designed as an integral part of the Lustron 
assembly line, process an unusually wide range of architectural shapes for the 
new Lustron Home. These include wall sections 8’6” x 24”, roof strips 8’6” 
long, doors 610” x 38”, framing of various sizes, mouldings as small as one inch 
in width, exterior panels and many other parts. 

Each furnace is 180 feet long with a work chamber 11 feet high. Heating 
elements are grouped into 32 separately controlled temperature zones to allow 
accurate, flexible control of the temperature gradient. Traveling thermo- 
couples periodically accompany the porcelain enamel work and assist the 
operator to establish and maintain the proper furnace burning conditions, and 
can, if necessary, provide a complete ware temperature record every 15 min- 
utes. Other new design features of these furnaces are kinetic air plugs and 


electronic silhouettes. 


LINDBERG Wij FURNACES 
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Internal Stresses 


(Starts on p, 242) 

help, and the transgranular stress- 
corrosion cracking which distinctly 
depends on the existence of strong 
tension stresses and on _ peculiar 
conditions of service — mainly solu- 
tions of chlorides, particularly hot 
concentrated magnesium chloride. 

Keating completes his article by 
examining the mechanism of stress- 
corrosion cracking. This is consid- 
ered as a function of stress under 
corrosive influences and as a func- 
tion of these influences in regard to 
the existing stress. Finally, he con- 
siders the question of the features 
which enhance or stop further 
propagation and branching of the 
initial cracks. He indicates that the 
idea of stress corrosion derives its 
validity from the acceleration of 
stress concentration due to corrosion 
and the acceleration of corrosion 
due to stress proceeding beyond the 
sum of the possible individual 
actions. But he frankly admits that 
the situation in this field is. still 
too obscure. 

W. P. Rees contributed a very 
short, but extremely interesting, note 


on stress-corrosion cracking of steels 
in the presence of sulphur com- 
pounds (three pages). Such stress- 
corrosion failures were encountered 
in service when 18-8 stainless steel 
was subjected to oil that contained 
hydrogen sulphide. Laboratory tests 
have shown that hardened and tem- 
pered alloy steels are susceptible to 
stress-corrosion cracking in atmos- 
pheres of wet hydrogen sulphide or 
carbon disulphide. 

Professor Hugh O’Neill’s paper 
on internal stresses in railway 
materials (17 pages, 41 references) 
begins with a brief statement that 
stresses existing in iron castings, 
first investigated by Rodman in 
1857, cannot be eliminated except 
by judicious heat treatment. From 
here he passes to an example of a 
cast bushing of high-lead, medium- 
copper type (roughly 60% Pb, 37% 
Cu) containing nickel and sulphur 
as inhibitors of segregation. That 
bushing developed a_ plethora of 
cracks in storage after machining, 
but since it contained in spots the 
nonspecified oxygen to the amount 
of 4%, the role of stresses is rather 
doubtful. It might have been simply 
a poorly produced material. 

Of real value to the reader is 


Professor O'Neill’s substantial treat- 
ment of the stresses developed in 
steel rails. But the table of internal 
stress values given by him indicates 
that the magnitudes of the stresses 
rarely reach 20,000 psi. and it is an 
open question how deleterious such 
stresses might be in a material with 
a yield point several times higher 

His next item of discussion is the 
shot blasting of springs. It is 
accompanied by hardness data for 
the shot-peened surfaces and the 
depth of the compressed layer. The 
compressive stresses were com 
puted to reach as much as 90,000 to 
130,000 psi. 

Professor O'Neill then discusses 
stresses in boiler tubes that are 
fitted to fire-plates of 
copper by a 
mechanical 


arsenical 
process of internal 
expansion, where the 
residual tension stresses reach only 
6000 psi., and the stresses in 
rivets. This latter subject is of con- 
siderable importance in itself for 
the tension stresses reach beyond 
20,000 psi., even when the rivets are 
set at 1300° C., but the author does 
not consider it at any length. 

The eighth and final division of 
O'’Neill’s paper deals with press fits, 

(Continued on p. 252 
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GANTRY-TYPE 


ELECTRIC MELTING FURNACE 


Platform is attached 
to and tilts with the furnace, 
providing continuous working 
area during charging and 
melting. 


AMERICAN BRIDGE COMPANY 


Write for your free copy of the new Heroult Catalog. 


UNITED STATES “S22 &L 
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DENVER 
NEW YORK 
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DETROIT DULUTH MINNEAPOLIS 
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United States Steel Export Company, New York 
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MEEHANITE, 
ie Shoes are 
TOUGH, 
ACCURATE, 
DEPENDABLE 


LANKING DIES, like those illustrated, are expensive preci- 
B sion tools—literally, in many cases, “worth their weight 
in gold.” The Cleveland Form Tool Company, Cleveland, 
Ohio, specify Meehanite castings for such units. The die 
shown takes a 42-ton blow at 160 strokes per minute and 
can produce 5 miltion blanks before replacement. 











Meehanite castings are manufactured under processes 
which permit accurate structural control of the metal, and 


thus the dependable achievement of the required properties 
for the job. They provide: 


MEEHANITE 


High Compressive Strength. 
Adequate Shock and Vibration Absorption. 
Dimensional accuracy under impact. 
Freedom from “after-machining” distortion. 
Density—Uniformity—Machinability. 
Build “QUALITY” into your product with Meehanite 
Castings. 
We have a Bulletin 28 entitled “7 Questions and Answers 
About Meehanite Castings” and if you would like a copy 
write to any of the foundries listed. 


FOUNDRIES 





American Brake Shoe Co._ 


Mahwah, Wew Jersey 
The American Laundry Machinery Co. 


Rochester, Hew York General Foundry & 


Fulton Foundry & Machine Co.. inc __._ 
ic Co. 


Cleveland, Ohig = Ress-Meehan Founéries 





ca, Tennesser 





Atias Foundry Co.___. 
Banne: tron Works - 
Barnett Foundry & Machine Co. 


Detroit, Michigan 
—__—— St. Lowis, Missouri 
—Irvington, New lersey 


Greeniee Foundry Co. 


The Henry Perkins Ceo. 


The Hamilton Foundry & Machine Co. 


Flint, Michigan 
Chicago, Illinois 
Hamilton, Ohie 


Shenango-Penn Mold Co 
Senith industries, tnc___ 
Standard Foundry Co. 


Dover. Ohie 
Indianapolis, ind. 
Worcester, Massachusetts 








E. Long Ltd —_____—Orillia, Ontario iohnstone Foundries, inc. 


dg: Massachusetts The Stearns-Roger ig Co. 





— Denver. Colerade 





H. W. Butterworth & Sons Co. 


__Bethayres, Pennsylvania 
Continental Gin Co 


Birmingham, Alabama 


Kanawha Manutacturing Co. 
Koehring Oo. 


Grove City, 
Charleston, West Virginia 
Milwaukee, Wisconsin 


Traylor Eng! & Mig. Co. 
U. S. Challenge Co. 


Allentown, y 
Contervilie, lowe 














The Cooper-Bessemer Corp 
word & Doherty Foundry Co 


Mt. Vernon, Ohio and Grove City, Pa. 
Portland, Oregon 

_ Ansonia, Connecticut 
Florence, Mew lersey 


Lincoin Foundry Corp. 


Pohiman Foundry Co., inc. 


Florence Pipe Foundry & Machine Co. Rosedale Foundry & Machine Co. 


WHCKARHE,S .... 2000011, 
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Otis-Fensom Elevator Co. Ltd. 


Valley iron Works, Inc. tal, Paul, Minnesota 
Vulcan Foundry Co. ___ Makiand, Calitornia 
Warren Foundry & Pipe © 1g New jersey 


“This a@vertisement sponsored by foundries listed above.” 


Los Angeles, California 
___amilton, Ontarie 
_Buttalo, New York 





— Pittsburgh, Pennsylvania 
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Internal Stresses 


(Starts on p, 242) 
shrink fits, wheels and tires; it is a 
very brief story. 

E. H. Bucknall, W. Nicholls and 
L. H. Toft contributed a paper on 
delayed cracking in hardened alloy 
steel plates (19 pages, four refer- 
ences). It represents a report on a 
strictly experimental piece of re- 
search work in which hard steels 
obtained by quenching with and 
without low temperature (about 
500° F.) tempering were given arti- 
ficially induced stresses of 180,000 
to 300,000 psi. and allowed to re- 
main stressed until cracked or until 
the test was stopped (usually in 100 
to 200 days). The test itself is very 
interesting. It consists in forming 
thin circular disks of steels with a 
central hole and a slight conicity. 
After heat treatment such disks 
are squeezed between a plate sup- 
port and a nut, in which manner a 
calculable stress is produced. 

Of interest are the authors’ dia- 
“ram of internal stresses developed 
at different distances from the cen- 
ter and at opposite locations (top 
and bottom) under variable degrees 


of flattening, and particularly a dia- 
gram of the influence of tempera- 
ture. The life of a stressed conical 
disk decreases rapidly with increase 
in temperature from 20 to 100° F. 

The final paper in the mono- 
graph, by J. A. Wheeler, discusses 
the stress system causing hard-zone 
cracking in welded alloy steels 
(eight pages, eleven references). The 
author starts with five statements 
that can be reduced to a single one: 
Transgranular cracking in welded 
structures occurs in a narrow zone 
adjacent to the weld (where a mar- 
tensitic structure prevails under 
normal cooling conditions) provided 
the welded article is restrained 
from adjusting itself, the welding is 
done with an ordinary electrode, 
and the temperature in service is 
below 100° C. 

The author tested various steels 
that were heated to temperatures 
up to the solidus before air hard- 
ening. For one such steel (0.35% C, 
0.60% Mn, 3.44% Ni, 1.70% Cr, 0.47% 
Mo) a diagram is presented showing 
that, after air cooling, such steels 
exhibit a hardness almost independ- 
ent of the temperature to which 
they are heated, but the tensile 
strength drops sharply in the prox- 


imity of the solidus, where the elon- 
gation too drops below 3%. But the 
elongation and reduction of area 
begin to drop even if the. steel is 
heated to a temperature 300°C. 
below the solidus. Beyond these 
factual points the author very 
briefly restates ideas regarding the 
microstresses in martensite and the 
internal stresses produced by ab- 
sorbed hydrogen, as propounded by 
other authors. 

Conclusions of the Reviewer 
The monograph on internal stresses 
is rather disappointing, but the sub- 
ject itself has some dubious char- 
acteristics. One might talk about 
microstresses the whole day through 
without saying anything of value, 
for microstresses are almost impos- 
sible as objects of experimental 
study and by no means 
objects of mathematical 
All-over stresses—of the type whose 
study originated with Professor 
Heyn and was thoroughly improved 
by Sachs and others — are easier to 
know, easier to take care of and 
easier to make use of. But even 
the situation is by no means 
Some methods of such study 
produce only 


easier as 
analysis. 


here 
clear. 
“average values” and 
(Continued on p. 25%) 





Improve Your 


VARITEMP 
COMBUSTION 
FURNACE 
Provides accurately 
controlled tempera- 
tures up to 2800° F. 
Ample insulation and 
high refractory lin- 
ings assure maximum 
current economy. 


————_— 


ZIRCOTUBE 
COMBUSTION 
TUBES 


Made of zirconium 
—have a wide re- 
fractory margin 
above normal com- 
bustion temperatures. 


Write for catalog and 
quotation to Dept, 9 


TWO MINUTE CAR- 
BON DETERMINATOR 
For all types of .metal 
and organic materials— 
covers carbon range as 
low as .02%—as high 


as 50%. 
LINER SHIELD 


Use in place of boat 
covers. Substantially in- 


creases tube life. 


COMBUSTION 
BOATS 
No cracking or pene- 
tration—free of sul- 
fur or carbon con- 
tamination. 


HARRY W. 
i. 9330 ROSELAWN AVE. 
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a Gets better samples— 
—— ready in 2 seconds. 
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eter 


Dietert-Detroit Carbon and 
Sulfur Analysis Equipment 
shown is scientifically inte- 
grated for maximum utility, 
accuracy, speed and depend 
ability at minimum cost. 





SULFUR 
DETERMINATOR 
Accurate to one point in 
the third decimal place 
for metals. Quick and 
easy on metals and 

organics. 


CANOPY SHIELD 


Recommended for 
sulfur determination 
—protects tube 
from splatter. 


——_— 
CAST METAL _— i, 
SPECIMEN MOLD =" 


\ 


/ CONTROL EQUIPMENT 
SAND - MOLD - moistuRE 
CARBON - sSuLFUR 


COMPANY 


DETROIT 4, MICHIGAN 
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The greater strength and toughness of N-A-X HIGH-TENSILE steel permits 
weight savings of up to 25% in section—and still affords maximum protection 


against injuries from trafhie accidents. 


Its superior fatigue-resistance and excellent weldability prolongs this safety- 


factor ... reduces maintenance costs over more miles and under all conditions. 


If you manufacture a product requiring high strength, toughness and good 


weldability, it will pay you to investigate N-A-X HIGH-TENSILE, 


GREAT LAKES STEEL CORPORATION 


ceanee-Seenneee Stee. N-A-X Alloy Division «+ Detroit 18, Michigan 
UNIT OF NATIONAL STEEL CORPORATION 
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Internal Stresses 


(Starts on p. 242) 

nothing is less satisfactory than 
average stress values in engineering 
practice. Other methods (Heyn’s and 
Sachs’s) seem to be more basic and 
promising, but even the results of 
such studies give stress values that 
are averages for a given layer — 
not for a given point or a given 
direction. The curve of internal 
stresses so traced does not indicate 
the true surface stress nor the true 
axial stress. These must be ob- 
tained by extrapolation, and extra- 
polation is the worst method of 
getting facts. 

In order not to be overly pes- 
simistic, I would say that perhaps 
new methods can be developed, but 
one should not expect that any 
single experiment might produce 
more than an ultramicroscopic grain 
of truth. The solution of the inter- 
nal stress problem lies in extensive 
and intensive testing, and the re- 
sults of the tests must be properly 
coordinated and carefully studied 
in order to produce definite state- 
ments which can be related to 
engineering practice.—M. G. Corson 


Surface Strengthen- 
ing by Cold Rolling* 


G URFACE HARDENING for the 

improvement of fatigue strength 
can be accomplished in _ several 
ways, but the hardening of cylin- 
drical pieces by pressure rolling is 
easily controlled and forms the 
most satisfactory subject for exper- 
imental investigation. The paper 
by Foppl represents a most thor- 
ough study of the process. It covers 
ninety individual tests on two 
kinds of steel: a spring steel with 
0.60% C, 1.9% Si and 0.83% Mn, 
and an alloy steel with 0.15% C, 
1.5% Ni, 1.2% Mo and 0.8% Cr. 
The surfaces were hardened by 
pressure rolling bars 44 mm. in 
diameter and 200 mm. long be- 
tween two rolls 40 mm. in diam- 
eter. One of these with a rounded 
edge forming a very small contact 
area with the test bar did the 
actual hardening, while the other 


*Abstracted from “Measuring the 
Stresses and Plastic Deformations in 
Surface-Pressed Test Bars”, by Hayo 
Féppl, Mitteilungen des Wohler- 
Institute, No. 41, 1948, 67 p. 


one, with a flat edge, served merely 
as a support that would prevent 
bending of the test bar. 

Among the factors investigated 
were the radius of curvature of the 
pressure roll, the pitch of the pres- 
sure spiral, the pressure applied 
and the number of rolling cycles. 
The measurements consisted in the 
determination of the length changes 
by comparison with standard spec 
imens to a precision of 0.002 mm. 
and of the changes in diameters, 
which were reduced by etching the 
metal in dilute nitric acid. The 
thicknesses of the removed layers 
were computed from the losses in 
weight. 

Pages 12 to 23 
theory of the measuring process. 
In a very clear manner, without 
omitting any steps, the author de- 
velops his equations for the axial 
and tangential stresses at a given 
depth of hardened layer and sim- 
plifies them later to a graphical 
equation. His equation 25 permits 
computation of the amount of 
plastic deformation in that layer 
(which is frequently a hundred 
times greater than the elastic 
strain). In order to obtain uniform 


deal with the 


(Continued on p. 256 
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With the Marshall Furnace and Controller, a 
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It is especially suitable where tensile, fatique, creep or stress 


are made at high temperatures 


MARSHALL CO. 


COLUMBUS 1, OHIO 
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GET UNIFORM 
DISTRIBUTION OF HEAT 


"eee 


TYPE FR POT FURNACE 


with Hoskins 
CHROMEL=—equipped electric furnaces 


ome anaes Good, dependable performance . . . uniform distribution of heat . . . efficient, 

POT FURNACE low-cost operation and maintenance. These are the basic characteristics built into 
. every Hoskins electric furnace. Look at 'em. Their sturdy, rugged construction 
bespecks a long and useful life. Check their insulation. You'll find it where it's 
needed ... to hold heat in, keep power costs down, assure more 

comfortable working conditions. Then consider their heating elements. Durable 
CHROMEL heating elements! Designed to give you maximum 





even nant heating efficiency, long-life trouble-free service. Designed for quick and 

BOX FURNACE easy replacement when at last required. Designed from end to end to fit the 
furnace that fits your heat treating operations! Our Catalog-59R describes 
the complete line of Hoskins electric furnaces .. . want a copy? 


*CHROMEL .. . the origina! nickel-chrome alloy 
that first made electrical heating practical. 


TYPE FR-206, 207, 208 
BOX FURNACE 


HOSKINS MANUFACTURING COMPANY 
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Oo WIRES 
EF Tht FOR ALL 
THERMOCOUPLE 
LEADS 


Our Extension Lead Wires have the quality 
essential for temperature measurement in 
Industry. Rigid manufacturing standards 
are maintained by our Laboratory. They 
control the calibration and processing to make 
dependable Thermocouple Wire. 


Whether you need Iron Constantan, Copper 
Constantan or Chromel Alumel Leads, that 
conform to any standard specifications . . . we 
can furnish them promptly. 


Try a Thermo Lead Wire on your next job! 


Write for Wire Section 30H, which gives complete 
specifications on our many types and sizes of 
Thermocouple Lead Wire. 


ermo ELECTRIC CO. 
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CARTERET ZIRCON 
NOZZLES 


TO DIRECT AND CONTROL THE FLOW OF 
MOLTEN METALS FOR 


SOUNDER CASTINGS 
BETTER SURFACES 


A Versatile Ceramic Proven by Years of Satisfactory 
Service in Our Own Operations 


CARTERET ZIRCON NOZZLES 

~ AND SPECIAL SHAPES are 

a4 Now Available for General 
Industrial Use. 


* YOUR INQUIRIES ARE SOLICITED 


UNITED STATES METALS REFINING COMPANY 
CARTERET, NEW JERSEY 
CERAMICS DIVISION 
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Surface Strengthen- 


ing by Cold Rolling 


(Continued from p. 254) 
data for comparison, all stresses 
and plastic deformations are re- 
lated to a standard depth of 0.1 mm. 

The author’s equations depend 
on four assumptions: The modulus 
is considered constant; Poisson’s 
ratio is also assumed to be a con- 
stant and equal to 0.30; the elastic 
limit of stress is assumed to be 
constant; and the ratio of the tan- 
gential and axial plastic strains is 
assumed to equal 0.30. The author 
seems to consider his values of 
stress and strain accurate within 
10%. 

Seven basic and nine auxiliary 
diagrams cover the results obtained 
on the spring steel and three basic 
diagrams are drawn for the alloy 
steel. All are instructive. Of con- 
siderable interest is the fact that 
even a compression stress of 220,000 
psi. in the hardened layer of the 
spring steel is below its elastic 
limit in compression. M. G. C. 


Electroradiography* 


T SEEMS that the author has 

created a new and simple tool 
for metallurgists. X-rays coming 
from a tube operated at 150,000 to 
200,000 volts are made to pass 
through an optically opaque sheet 
of paper after the softer rays are 
screened off. They then strike the 
back side of a fine-grained film 
pressed with its sensitive layer 
toward the polished surface of the 
sample being studied. Photo-elec 
trons develop in this surface and 
pass into the sensitive layer, pro- 
ducing a photochemical action 
enormously greater than the action 
of the hard rays can be. According 
to Trillat, the picture produced is 
so sharp and clear that it can be 
magnified as much as a thousand 
times, so that a single picture per 
mits easy examination of the struc 
ture of a very large field, which is 
not possible with the ordinary 
microscope. 

However, Trillat does not show 
any samples of photographs ob- 
tained by high magnification from 
his basic film; those which he does 

(Continued on p. 258) 


*Abstracted from “Electroradiog- 
raphy and Its Applications in Metal- 
lurgy”, by J.-J. Trillat, Revue de 
Métallurgie, Vol. 46, 1949, p. 79-83. 
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Galvanic corrosion can weaken joints—spoil your 
product's performance— if you assemble aluminum 


WRITE FOR FREE SAMPLES parts with fasteners made of a dissimilar metal! 


of the types that interest you. And Keep all of the advantages of your aluminum 
phone your nearest Alcoa sales office product throughout—make assemblies with Alcoa 
or Alcoa distributor for prompt service. 
ALUMINUM COMPANY OF AMERICA, : 
2101H Gulf Building, Pittsburgh 19, Pa. Every type you need is included in the com- 
plete Alcoa line. They're strong, good looking, 


Screws. Bolts and Nuts, or Rivets. 








made to Alcoa quality standards. Yet not expensive. 
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That delivers More 
than the Goods! 


The MITCHELL-BRADFORD “Package” 
delivers for more than a range of 
proven metal finishes, heat treating ma- 
terials and metal cleaners. It gives you an 
all-inclusive service for setting up and 
maintaining the most efficient metal 
finishing and heat treating operations 
known to modern chemical engineering 


BLACKENING PROCESSES FOR METALS 
BLACK MAGIC fer Stee! end tron 
BLACK MAGIC for Zinc. Zine plote Zine die costings 
end Codmum Plete 
BLACK MAGIC fer Copper and its Alloys 


METAL CLEANERS 
Still, soak cleaner 
Heavy duty soak cleaner 
312 Reverse current cleaner 
Cleaner 320 WNon-etching Aluminum Cleaner 
Cleaner 3¢20E Etching-type Aluminum Cleaner 
Cleaner 2325 Grass Cleaner (non-oxidizing) 
Cleaner 266 Solvent Cleaner (emulsion type) 
Special Cleaners—formulated for specific applications 
Write for your copy of the BLACK BOOK 


Cleaner 37 
Cleaner +9 
Cleaner 


HEAT TREATING MATERIALS 
QUICK-CARB, 220— 240— 260. Liquid Beth Can 
berting Seite 
QUICK-TEMPER TEMPERING AND DRAWING SALTS = 
275°F and 420°F Melting Points 


NEUTRAL SALTS — For Complete Range of Temperatures. 


PROTECTIVE FILM FINISHES 
WITCH-DIP, Wox Bose Compound 
WITCH-O1L, Weter Disploang Cerresion Inhibiting Ol 
FINISH No 146. Herd Protective Coating and Paint Bond 
SILCO — An inorganic, low-temperature bake, vitreous 
type finish Rust, ecid end abrasion resistont. All 
colors 


Protective Finishes for Metal 


MITCHELL-BRADFORD CHEMICAL COMPANY 
MODERN METAL FINISHES 


[a2446R MAIN BT 


BLACK-MAGIC OX! 
WITCH-BIP & WITCH-OML FINAL 


. STRATFORD. 


CONN e 


PROTECTIVE COATING 
MO SALTS. CLEANERS. ETC. 





SLOT TYPE FORGING 


FURNACES 


Furnace with 2 slots as shown— 
for forging various shapes. Also 
single slot in light and heavy duty 
types. 


Write for Bulletin M-233 


afer, 
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ENGINEERS & MANUFACTURERS OF 


Equipped with JOHN- 
STON Reverse Blast Low 
Pressure Burners—for Oil 
They diffuse the 
finely atomized oil or gas 


or Gas. 


through the air supply to 
produce complete combus- 
tion and maintain proper 
furnace atmosphere neces- 
sary for quick clean heat- 
ing and to avoid scaling 
and surface decarburiza- 


tion. Low operating cost. 
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Electroradiography 


(Continued from p. 256) 
show at 6 and 10x are quite good 
and suggest that it would be worth 
while to try his method on a large 
and systematic scale. 

An important point about Tril- 
lat’s method is that the sample 
does not have to be etched. The 
picture is formed as a result of the 
selective emission of electrons from 
the different constituents and from 
the grain boundaries. And the 
same film can be used as a macro- 
graph and a micrograph. Trillat 
states that even ordinary Velox 
paper could be used instead of the 
film and that the whole process 
could take place in subdued light. 
The exposure lasts only a few 
minutes. M. G. C. 


Jobs for Engineers* 


HE ENGINEERING profession is 

outnumbered in size only by. the 
teaching and nursing professions; 
engineering is the largest profession 
for men. 

The employment outlook for en 
gineers in the immediate future and 
for several decades ahead is good, 
according to this extensive survey. 
Annual demand for engineer gradu- 
ates in the United States is estimated 
at 17,000 to 18,000. By 1960, when 
death and retirement the 
engineering profession are expected 
to increase, the demand may rise to 
21,000 to 22,000 a year. Employ- 
ment trends, earnings, training and 
shifting among jobs and industries 
are analyzed for civil, mechanical, 
electrical, chemical and “mining and 
metallurgical engineers”. (Unfor- 
tunately, the data available to the 
Bureau of Labor Statistics classified 
mining engineers with metallurgical 
engineers.) 

Only seven pages of text are al 
lotted specifically to “mining and 
metallurgical engineers”. One state- 
ment that “the mining engineers are 
believed to have outnumbered metal- 
lurgical engineers” may be ques- 
tioned. This section concludes: “The 
field of metallurgy should expand 
in the future. However, this field is 
not large and openings will prob- 
ably continue to remain few com- 
pared tq other fields of engineering.” 

(€ontinued on p. 260) 


losses to 


*Comments by John W. W. Sulli 
van on “Employment Outlook for 
Engineers”, bulletin of the U. S. De- 
partment of Labor, Bureau of Labor 
Statistics, Washington, D. C. 





30,000 REASONS 


why you should display at the 


METAL SHO 


featuring Economy-in-Production 
31st National Metal Congress and Exposition 


CLEVELAND, OHIO 
October 17-21, 1949 


VER 30,000 management, engineering Production” will be the theme of the lectures, 
() and purchasing officials in the Metal papers, round-table discussions in addition to 
Industry will visit and inspect operating dis- being the high spot in the exhibitors’ displays. 
plays covering 9 acres of Cleveland’s Public 
Auditorium at the 1949 METAL SHOW. ECONOMY THEATRE 
Already over 300 exhibitors are planning 
displays to show how their products and 
services reduce unit costs. “Economy -in- 


Exhibitors with operating films will have 
an opportunity to have them shown in the 
“Economy Theatre” in the Auditorium on 
regular, published schedules during the 
entire show. If you have such a film, your 
products and services get “double exposure” 
—in your display and in the theatre. Reserve 
your space NOW! 


© For full information, write: 


W. H. EISENMAN {Managing Director} 
National Metal Exposition 
7301 Euclid Avenue, Cleveland 3, Ohio 
or telephone UTah 1-0200 
* * * 
If you have not received a copy of REPORT NO. 2 © For hotel reservations, write: 


— Continuing Analysis of Attendance at the Metal CLEVELAND HOUSING BUREAU 


Show, write for it today. More than 30,000 metal men : 2 5 

are classified by business, industry, size of plant, title, etenton Lovise D. Perkins, : 
occupation and geographically. The Report tells you 511 Terminal Tower, Cleveland 13, Ohio 
when visitors attend and how often. 


SPONSORING SOCIETIES 
AMERICAN SOCIETY FOR METALS AMERICAN WELDING SOCIETY 
METALS BRANCH OF AIME SOCIETY FOR NON-DESTRUCTIVE TESTING 
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What is Pangborn Hydro-Finish? 
It’s the new, versatile impact 
blasting process that uses a fine 
mesh abrasive suspended in 
water, yet holds tolerances of 
the work to .0001 inches 


What Hydro-Finish can do for you 
Pangborn Hydro-Finish can help 
you three ways, by improving 
surface finishes, by removing 
oxide scale, by lengthening tool 
and die life through proper 
maintenance. 


Hydro-Finish eliminates many 
tedious finishing operations, re- 
duces cost and time involved in 
buffing. It improves fatigue life 
of metal parts it finishes ... 
produces a surface virtually free 
from directional grinding lines. 


PANGBORNITE 
The best abra- 
sive forallliquid 
blasting needs 
Available in many mesh sizes. 





Write today for details about the 
new Pangborn Hydro - Finish 
Cabinet or Pangbornite. Panc- 
BORN CORPORATION, 1204 Pang- 
born Bivd., Hagerstown, Md 
Look to Pangborn for all latest 


developments in Blast Cleaning 
and Dust Control Equipment 


BLAST CLEANS CHEAPER 
with the right equipment 
for every job 
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Jobs for Engineers 


(Starts on p. 258) 
rhe latter part of that conclusion is 
rather remarkable; its source should 
be seriously challenged. Without 
metals modern civilization would 
revert to the Stone Age. Over 70 of 
the chemical elements are metals. 
Half of the metals remain to be de- 
veloped commercially; therein lies 
tremendous opportunity for metal- 
lurgists and metallurgical engineers. 

Two other conclusions concern 
the metallurgical profession: A com- 
parison of earning power of engi- 
neers having a master’s degree with 
that of engineers having a doctor's 
degree, reveals that the doctorate is 
worth more to mining and metal- 
lurgical engineers than to those in 
other divisions of engineering. 

Concerning the occupational 
mobility of engineers, a greater pro- 
portion of those who were trained 
in mining or metallurgy changed to 
some other field of activity than 
those trained in any other major 
division of engineering. The changes 
appear to have been made easier by 
the fact that mining and metal- 
iurgical training and experience 
are so varied that the engineers 
obtain an opportunity to qualify 
for positions in mechanical and 
civil engineering. 

Undergraduate enrollment of 
mining and metallurgical engineers 
in the United States ranged from 
2771 in 1931 to 5836 in 1948, with 
an interim high of 4570 in 1941 and 
a low of 696 in 1945. 

The median base monthly salary 
for engineers in 1946 ranged from 
$360 for chemical engineers to $417 
for mining and metallurgical engi- 
neers. 

There were 7000 engineers in the 
United States in 1880 and about 
350,000 in 1948. The rate of growth 
is diminishing; but there is every 
likelihood that the profession will 
continue to grow for some time. It 
is estimated that there will be 
450,000 engineers in 1958. From 
1880 to 1940, the engineering pro- 
fession expanded 38-fold in the 
United States while the total num- 
ber of workers in all occupations 
increased three-fold. 

Five industries employ 75% of 
the engineers — manufacturing, 
mining, construction, transportation, 
and public utilities. 

From 1939 to 1946, about 20% of 
the engineers replying to a ques- 
tionnaire changed to a different in- 
dustry. Engineers appear to have 
changed their industry more readily 

(Continued on p. 262) 
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Tempilstik 


A simple method of 
controlling working 
temperatures in 


© WELDING 

© FLAME-CUTTING 
© TEMPERING 

© FORGING 

© CASTING 

* MOLDING 

© DRAWING 

© STRAIGHTENING 
© HEAT-TREATING 

IN GENERAL 








it's this simple: Select the 
Tempilstik® for the working 
temperature you want. Mark 
your workpiece with it. When in pellet 
the Temgilstick® mark melts, or 

the specified temperature has liquid 
been reached. form 


Also 
available 





Available in these temperatures (°F) 





125 275 500 1100 
138 288 550 1150 
150 300 600 1200 
163 313 1250 
175 325 1300 
188 338 1350 
200 350 1400 
213 363 1450 
225 375 900 1500 
238 388 1550 
250 400 1600 
263 450 1050 


FREE —Tempil® “Basic Guide 


to Ferrous Metallurgy" 
— 164%” by 21” plastic-laminated wall 
chart in color. Send for somple pellets, 
stating temperature of interest to you. 




















‘GORDON: 
3% SERVICE;S: 


CLAUD S. GORDON CO. 


Specialists for 34 years in the Heot-Treating 
ond Temperature Control Field 

Dept 15 © 3000 S$. Wallace St. © Chicago 16, II. 

Dept. 15 © 7016 Euclid Avenve © Clevelond 3, Ohie 





These 4 TIMKEN’ graphitic steels 
will fill most of your tool steel needs! 








GENERAL PURPOSE 


TIMKEN GRAPH-MO 


Timken® Graph-Mo is a general purpose oilhardeningtool wear resistance, freedom from scuffing and scoring, 
room steel. It offers big advantages for any tool job that structural stability, excellent response to heat treatment, 
requires a steel with excellent machinability, exceptional and good anti-frictional properties. 





SPECIAL PURPOSE 


TIMKEN GRAPH-TUNG TIMKEN GRAPH-AL TIMKEN GRAPH-M.N.S. 
for extra resistance to abrasion for extra impact strength for extra strength in small 
cross-sections and long lengths 
Graph-Tung possesses all the In addition to the general graphitic tool Timken Graph-M.N.S. has un- 
general advantages of Timken steel advantages, Timken Graph-Al usually high strength and rigidity, 
graphitic steels, plus extra high has shallow hardening properties that in addition to the other Timken 
hardenability to resist abrasion. make it stand up well under impact. graphitic steel advantages. 

















yee graphitic steel contains free steels to meet your individual requirements. 
graphite and well-distributed carbides in Timken Graph-Mo is a general-purpose tool 
its structure. As a result, graphitic steels (1) steel, Graph-Tung, Graph-Al, and Graph- 
machine fast and easily, (2) resist wear and M.N.S. are for special applications. For the 
abrasion and retain lubricants better, and (3) latest information on all four graphitic steels, 
have minimum tendency to scuff, seize, or score. write for the new, enlarged 9th edition of the 
Timken graphitic steels also respond uniform- Timken Graphitic Tool Steel Data Book. The 
ly to heat treatment, have uniform stability. Timken Roller Bearing Company, Steel and 

The Timken Company offers four specially Tube Division, Canton 6, Ohio. Cable ad- 
developed analyses of Timken graphitic tool dress: “TIMROSCO”. 


_— 
Nm 50th birthday of the company whose products pee & * yi x 
e:) you know by the trade-mark: TIMKEN 


SEER 


Specialiste in alloy steel—including hot rolled and cold finished alloy 
steel bare—a complete range of stainless, graphitic and etandard tool 
analyses—and alloy and stainless seam/eas steel tubing 
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Design + Metallurgy 
= SATISFACTION 


For specifying a steel ma- 
chinery part, the designer 
and the metallurgist make 
a fine team. 

If the part is properly de- 
signed (and this means 
taking the metallurgical 
treatment into account) the 
choice of a steel and its 
proper treatment become 
relatively simple. 

So important are these 
aspects of good and poor 
design of parts in relation 
to the choice of steel and 
its treatment—the work of 
the designer and the metal- 
lurgist—that we have com- 
piled a 70-page book on 
this subject, giving many 
sketches as examples. 
“THREE KEYS TO SATIS- 
FACTION” is interesting 
and helpful to designers 
and metallurgists; it is free 
on request. 


Climax Molybdenum Company 


500 Fifth Avenue 
New York City 





Please send your 


FREE BOOKLET 
3 KEYS To SATISFACTION 








Jobs for Engineers 


(Starts on p. 258) 

than their general field of employ- 
ment or “class-of-worker” status. 
Most of the changes appeared to be 
in response to the shifting of indus- 
trial demands of the war and the 
postwar period. The report covers 
five types of movement of engineers 
—changes of employment location, 
industry, class of worker, field of 
employment, and from a specialized 
field of education to a different field 
of employment. 

Other topics discussed in this 
bulletin are professional societies 
and organizations, registration and 
certification of engineers, census 
data on engineers, and a compari- 
son of mailing list and respondent 
replies to questionnaires. 


Strength of Alloys 
at High Temperature 


THREE recent papers in Russian 
indicate the possible value of 
theory in the design of alloys for 
use at high temperature. 
The first of these papers* con- 
cerns electron density and energy 
within the alloy crystal. Only a 
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Fig. 1. Density of Electron States 
in aand Y Irons. ¢ is the energy 
of the electrons in Rydberg units 
and N( ¢ ) is the density of states. 


qualitative presentation of the prin- 
ciples is possible. The general 
aspect of the hot strength of homo- 
geneous solid solutions having body- 
centered cubic and face-centered 
cubic structures has been worked 
out on the basis of the N(¢) curves 
for iron shown in Fig. 1. With the 
change in the total number of 
(Continued on p. 266) 


*“Fundamental Principles of 
Alloying of Hot Strength Metallic 
Alloys”, by K. A. Osipov, Doklady 
Akad. Nauk S.S.S.R., Vol. 60, 1948, 
p. 1535-1538, 
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FOR GREATER 
HARDNESS TESTER 
ACCURACY... 


SPECIFY CLARK 
STEEL BALL 
PENETRATORS 


ae 


For dependably accurate 
hardness testing, every 
part of your testing 
equipment must be de- 
signed by experts. CLARK 
Hardened Steel Ball 
Penetrators are designed 
to give the most accurate 
possible results in the 
testing of soft metals such 
as unhardened steel, cast 
iron, brass, bronze, and 
similar metals and alloys. 
They are available in 
1/16” and 14’ diameters 
at $5.00, and in 14", 2", 
¥%y"’ and 1” diameters at 
slightly higher prices. 
Specify ciark Steel Ball 
Penetrators for more accu- 
rate “Rockwell” testing. 


INSTRUMENT, INC. 


10200 Ford Rood + Dearborn, Michigon 
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Cutting Oils 

Write today for the pamphiet “New Improved 
Gulf L.S. Cutting Base which describes how 
production can be speeded up with lower costs 
ales and better finishes by using this newly developed 


tee table ‘ ¢ cutting oil. Gulf Ou Corp 
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by: ; : thr shout ntry teel Found sracteristics, mechanic 


ations McKay ¢ 


569. Brazing 5 
ps Brazing 593. Extrusions 


Alcoa Aluminum Impact Extrusior 
~% a new booklet giving up-to-date 
short-cuts to designing all typ 
t means of these new impact extru 
Aluminum Co. of Ameri 


t 


570. Bushings Mets 581. Combustion Control 
pel cegencnnsaieenond ntrol for Industry", a new $94. Finishes 


available 


ges he ‘om “ New Black Book™ ¢ full details on black 
gs whe r tion is « cu wimpr - a a oben coal 2 as : magi finishes for ron, zin 4 " 
Graphite Metalligin r a . dies pper and its alloys. Mitchell-Bradford Chemical 


571. Castings 582. Control Valves , 
PEA ER ee Series 700 Diaphrag? sat Wei a Flame Hardener 
walee g : 1 ookle f new catalog giving mechat nd f t ely illustrated 20-page booklet gives 
r icroc neg wterist f this air t zm mot 1 new electronic universal flame 
trolled valve ; act lene Roger Mf. ¢ 





ours for the asking 


Use the prepaid postcard on the page oppo- 
site 264 to obtain the helpful literature de- 
scribed on this page. 
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(1) Send for the new Bulletin IC-22 on Kemp Series “S” 
Industrial Carburetors. 

(2) Ask us to send you a Kemp representative a qual 
ified engineer who will answer your questions and con 


tribute constructive information on vas cconomy. 


(3) Install a Kemp Series “S” Industrial Carburetor and 
Kemp Burners. 


ee ne eas 


It's as plain as can be... if you are to get less gas, you 
need to get the most out of it! And even if there is no gas 
shortage, vou want to burn fuel at highest efficiency 

The Kemp Series “S” Industrial Carburetor squeezes the 
last smidgin of energy from the gas you get and puts it to 
work .. . automatically ... free of maintenance .. . at 
low cost and high return. 

Well... you aren't going to buy Kemp Carburetors and 
Burners from advertising but we believe you can profit 


Kemp Series “S” Carburetor showing 


Gas Pressure Governor, Proportioning ably ask us to send the nearest Kemp representative in to 


Valve, Turbo-compressor see you. 


KEMP of BALTIMORE 


PRECISION CARBURETORS. BURNERS FOR INDUSTRIAL HEAT CONTROL. FIRE-CHECKS AND OTHER SAFETY DEVICES 
ATMOSPHERE GENERATORS. INERT GAS PRODUCERS. ADSORPTIVE DRYER SYSTEMS FOR PROCESS CONTROL 


The C. M. Kemp Manulacturing Co 
jo5, East Oliver Street 
Baltimore 2, Maryland 


Please send me your NEW Bulletin [C-22 on Industrial Carburetion 


Please send a Kemp representative in to see me 

Name 

Company 

Street 

City Zone 
State 


Metal Progress; Page 264 





596. Forging 

New 60-page well-illustrated catalog outlines 
the selection of metals for forgings and follows the 
various steps in production from blast furnace to 
finished forging die. Drop Forging Assn. 


597. Forgings 
Bulletin 65-C describes forgings being produced 


better, faster and at lower cost by high-production, 
heavy forging machines. Ajax Manufacturing Co, 
- x : 
598. Forgings 

“Improvement of Metals by Forging’, a new 
44-page catalog. provides one of the most compre- 
hensive references on forging characteristics, 


designs and applications. Steel Improvement & 
Forge Co. 


599. Furnaces 


For full information on clean hardening, anneal- 
ing. normalizing, carburizing, etc., write for 
Bulletin 801-4. American Gas Furnace Co. 


600. Furnaces 


For full information on uniform, low-cost opera- 
tion, write for bulletin 461. It illustrates 17 sizes 
and types with brief descriptions of each. Electric 
Furnace Co. 


601. Furnaces 


Bulletin 53 tells how new cyclone furnace can 
help reduce costs and improve quality of tempering, 
annealing, nitriding, and nonferrous heat treating 
Lindberg Engineering Co. 


602. Furnaces, Laboratory 


New “Lab-Type” furnace with gas-tight retort 
offers self-contained unit of ample size for wide 
variety of lab operations. Fully described in 
bulletin F 327. Boder Scientific Co 


603. Furnaces, Laboratory 


Bulletins 315 and $15 describe furnaces for low 
and high-temperature operation Five different 
models for analysis, control and production in 
chemistry, metallurgy and manufacturing. Burrell 
Technical Supply Co 


604. Furnaces, Laboratory 


New speed oven saves time and cost in labora- 
tory drying Leaflet describes how samples are 
dried twice as fast by hot, filtered air driven at 
high speed. Harry W. Dietert Co. 


605. Furnaces, Laboratory 


New type 056-PT incorporates all the best 
features of Hevi Duty laboratory furnace design 
Complete specifications and details are listed in 
bulletin LAB-849. Hevi Duty Electric Co. 


606. Gas Burners 


Latest methods of obtaining highest heating 
efficiency per unit of fuel are illustrated in bulletin 
1C-22 on Kemp Series “S"’ industrial carburetors. 
C. M. Kemp Mfg. Ce 


- . 
607. Gears 

Information on all types of gearing specifica- 
tions, including Neloy. spur, bevel, mitre, Sykes 


Herringbone. Available in bulletin No. 0. Natsonal 
Erie Cc 


608. 


Mechanical and engineering characteristics of 
gray iron, with details for designing cast i- 
ponents, all combined in new booklet turnished on 
request. Gray /ron Founders’ Society 


609. Hardness Testers 


Bulletin DH-114 contains full information on 
Tukon Hardness testers for use in research and 
industrial testing of metallic and nonmetallic 
materials. Also included is bulletin DH-7, giving 
experiences in various fields. Wilson Mechanical 
Instrument Cc 


610. Heating and Drying 


New high-pressure steam fan heater described 
in bulletin 109. Niagara Blower Co 


611. Heating Elements, 
Electric 
Bulletin H gives detailed information on AT-type 
nonmetallic electric heating elements, including 


tables for a wide variety of sizes available. Globar 
Div., Carborundum Co. 


612. Heat Treating 


Barrett ndard anhydrous ammonia is avail- 
able in 150, 100 and 50-pound cylinders in con- 
veniently located stock points Free literature 
mailed on request. Barrett Division, Allied Chemical 
& Dye Corp 

s . 
613. Heat Treating 

Full informs n available on all types of 

Edicur Lavite salt baths for 


harde g. quenching, annealing, and 
cyaniding operations Bellis Heat Treating Co. 


Gray Iron 


See additional listings on Page 263 
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614. Heat Treating 


“Shop Notes on Heat Treating of Steels" is the 
title of a new non-technical booklet for shops 
without trained metallurgists. Discusses typical 
heat treating procedures and tips for better con- 
trol, along with definitions of terms. Cooley 
Electric Mfg. Corp. 


615. Heat Treating 


New bulletin now available on Series T Ipsen 
automatic heat treating unit for lower costs and 
efficient operation. J psen Industries, Inc. 


616. Heat Treating 


In hundreds of plants, adoption of Homocarb 
process has resulted in lower operating costs and 
uniform products. For further information send 
for catalog T-623. Leeds & Northrup Co 


617. Heat Treating 


Pressed steel lightweight sheet alloy heat treat- 
ing units furnished in any size, design or specifica- 
tion. Write for full information on this. The 
Pressed Steel Cx 


618. Heat Treating 


Descriptive catalog 1054-A8 outlines how to 
save money in heat treating small parts, tools and 
dies in Sentry electric furnaces. Sentry Co 


619. Heat Treating 


Form 7340 C, an 8-page illustrated article, con- 
tains interesting story of the conveyorized harden 
quench, and draw installation at American Fort 
Pitt Spring Division. Sunbeam Stewart Industrial 
Furnace Die. 


620. Heat Treating 


Attractive new booklet, “The Science of Gas 
Chemistry for Heat Treating’, Form SC-129 
gives complete details of applications for prepared 
gas atmosphere compositions and costs Surface 
Combustion Corp. 


621. Induction Heating 


Learn the many advantages of applying Tocco 
induction heating for hardening, brazing, solder- 
ing, annealing or forging operations Send for free 
booklet now available. Ohio Crankshaft Co. 


622. Industrial Planning 


New book 127 tells how you can share in a 
“round table” discussion of planning expansion, 
remodeling or modernization of your plant. Conts- 
nental Industrial Engineers, Inc 


@ If mailed from countries outside the United States, proper 
amount of postage stamps must be affixed for returning card 


623. Lubricants 


Two new booklets furnish interesting new facts 
on Silicone greases. Silicone Notes D-5S gives 
properties, performance and uses. D-6 contains 
information on how to use DC 44 grease in bear- 
ings of electric motors. Dow Corning Corp. 


624. Machine Design 


Fundamentals of producing low-cost machine 
parts — design, material and treatment — are dis- 
cussed in new 72-page “Three Keys to Satisfac- 
tion”. Climax Molybdenum Co 


or . . 
625. Melting, Induction 

8-page illustrated article describes use of induc- 
tion melting in improved technique for rotor- 
casting. Ajax Engineering Corp 


626. Microscope 


New 36-page brochure dealing with the Vickers 
projection microscope will be sent on request. 
Y. Ferner Co. 


627. Microscopes 


Two new catalogs are now ready for mailing: 
M78 on metallurgical microscopes and M157 on 
stereoscopic microscopes. American Optical Co. 


628. Microscopes 


New catalog D-104 contains a full description 
of the phase contrast principle, with an article on 
proven uses, plus actual photographs taken with 
these accessories. Bausch & Lomb Optical Co. 


rs 
629. Nickel Alloys 

Improve structure and machinability of your 
gray iron castings and reduce machining time 
tool wear, rejections, by using small ladie addi- 
tions of Nisiloy, described in new booklet. IJnier 
national Nickel Ce 


630. Ovens 


“Why” No. 397R, a new manual, presents a 
comprehensive discussion of Precision-Freas ovens 
Full information on incubators, ovens and steril- 
izers is included. Precision Scientific Co. 


631. Parts, Baskets 


Baskets designed for your individual needs in 
handling parts All types of trays, fixtures, 
retorts, and carburizing boxes are described in 
catalog 16. Stanwood Corp. 


632. Plating 


Smooth plating and advantages of Unichrome 
Copper are discussed in informative bulletin 
United Chromium, Inc 
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633. Potentiometers 
Dynalog instruments for control of tempera- 


ture, humidity, pressure, flow, etc. Details in 
bulletin 427. Foxboro Co. 


634. Powder Metals 


Attractive new booklet on Fastell for heavy 
duty electrical contacts is a valuable contribution 
to metallurgical literature. Fansteel Metallurgical 
Corp. 


635. Presses 


Standard and special Type R and SR Manways 
provide flexible vessel design important to all 
users. Described in bulletin 4-82. Lenape Hydrau- 
lic Pressing & Forging Co. 


636. Pyrolance 


New bulletin 1724-D includes photos, complete 
description and prices of the Pyrolance for tem- 
perature readings of molten metal in nonferrous 
foundries. Jilinois Testing Laboratories, Inc. 


637. Pyrometer 

Catalog 1101-j describes how the new multiple- 
point Celectray controls up to six furnaces with 
the accuracy of a single-point instrument. C 
Tagliabue Corp. 


638. Recorders 


Condensed catalog Z6500 gives full description 
of Capacilog Recorder and other instruments for 
application in all types of laboratory classification. 
Wheelco Instrument Ce 


: 
639. Refractories 

New 15-page bulletin 202, just off the press, 
discusses properties and applications of Taylor 
zircon special refractories. These are recom- 
mended for constructing aluminum open-hearth 
melting furnaces, and crucibles for melting and 
refining platinum and similar alloys. Chas. Taylor 
Sons Co. 


~ —, 
640. Safety Tools 

Bulletin 119, newly revised edition on safety 
hand tools, is conveniently and attractively 
designed for ready reference. Ampco Metal, Inc. 


641. Salt Baths 


Techhical data sheets are now available on 
Aerocarb and Aerocase for liquid carburizing. and 
Aeroheat for salt-bath hardening of alloy steels. 
American Cyanamsd Co. 


642. Salts 


New manual contains more than 70 pages of 
material on heat treatment with molten salt baths 
Fully illustrated . duPont de Nemours & Co 


643. Solders 


Bulletin 45 gives full information on low-tem- 
perature silver solders. Samples sent on request 
American Platinum Works. 


644. Spectrographic Source 
Units 


Precision control in spectrographic analysis to 
fit your specific requirements. Bulletin 300 
describes flexible, new spec-power units. National 
Spectrographic Laboratories, Inc. 


- . 
645. Speed Alloy 

Speed alloy plates are stocked in widths up to 
72°, allowing wide range of use from zinc die 
casting dies to machined parts Fully described 
in bulletin 905. W. J. Holliday & Co. 


646. Stainless Steels 


Full information, including prices, is available 
on advantages of free-machining Enduro stainless 
steel Republic Steel Corp. 


647. Steel Sheets 


Characteristic properties of US electrical steel 
sheets are shown in curve and tabular form in 
new, 180-page, illustrated engineering manual No. 
3. Carnegie-lliinois Steel Corp 


~ a: + 
648. Steel, Zinc-Coated 

Fully illustrated booklet “Armco ZincGrip” 
tells how this special-purpose steel sheet furnishes 
high corrosion resistance as well as stretch quality 
for sharp bends or flat parts of fabricated products. 
Armco Steel Corp. 


619. Steels, Alloy 

Hardenability charts now available for many 
standard alloy-steel grades will help you to order 
steels with the proper hardness qualities. Bethle- 
hem Steel Co. 


. . 
650. Steels, Alloy 

New book now available on the selection of the 
proper alloy steel grades for each manufacturer's 
needs. Write for free copy of “Wheelock, Lovejoy 
Data Book". Wheelock, Lovejoy & Co 


- ~ 
651. Steels, Alloy 

For full information on alloy steels with excep- 
tional wear resistance and machinability, write for 
bulletin 91140. Timken Roller Bearing Co. 


at ~ 
652. Steels, Low Alloy 

You can have one-third more production 
through the use of Hi-Steel, which has nearly 
twice the working strength of ordinary steels plus 
the ability to stand up under impact loads. Send 
for free booklet. Jnland Steel Co. 


e If mailed from countries outside the United States, proper 
amount of postage stamps must be affixed for returning card 
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Postcard must be mailed prior to November 1, 1949— 
Students should write direct to manufacturers. 


. r 
653. Steels, Tungsten 

Fully descriptive booklet now available dis- 
cussing the many advantages of tungsten steel for 
specific uses. Molybdenum Corp. of America. 


7 . : . 
654. Strain Gages 

Bulletin 302 furnishes complete information on 
newly developed Hunter Spring Tester designed 
especially for precision testing of springs and 
spring assemblies. Baldwin Locomotive Works. 


-- : 
655. Testing 

Simple, accurate, 34-inch-high machine provides 
speedy testing of tensile strengths up to 20,000 
pounds Literature available Detrout Testing 
Machine Co. 


. TT . 
656. Testing 

Bulletin 30 describes the dependable qualities 
of the universal testing machine for predetermining 


physical properties of metals. Tinius Olsen Testing 
Machine Co. 


“7 . 
657. Thermocouples 

Complete data on Engelhard reclaiming process 
shows how to save up to 74% with one long 
platinum thermocouple, compared with the cost 
of a new unit Also new bulletin 330-D describes 
a wide range of thermocouples and accessories. 
Charles Engelhard, Inc 


658. Thermocouples 
Catalog 59-R tells complete story about use of 


Chromel-Alumel couples and extension leads. 
Hoskins Mfg. Co 


« +, 
659. Thermocouples 

A new 34-page catalog. Keference H, will fur- 
nish complete data on thermocouples, quick- 
coupling connectors, thermocouple wire, lead wire, 
protection tubes, etc. Thermo Eleciric Co 


660. Tool Steels 


Write for new 176-page handbook, “The Tool 
Steels of Allegheny-Ludlum", covering all the 
leading types and grades of tool steels. Allegheny- 
Ludlum Sieel Corp 


r . 
661. Tool Steels 

Attractive new booklet gives details and uses 
composition and heat treatment of carbon and 
carbon-vanadium tool steels Vanadsum-Alloys 
Steel Co. 


r . : 
662. Tools, Carbide 
New 190-page manu three years in prepara 
furnishes att illustrated and con- 
eniently indexed datz all types of tool engi- 
neering problems. Carboloy, In 


663. Tubes, Bars, Steel 


New stock list now available on 52100 tubing 
and bars includes specifications on forgings, chrome 
steel bars and chrome steel tubing Peterson 
Steels, Inc. 


664. Tubing, Seamless 

Special stock list now available on cold drawn 
seamiess stee] tubing, along with location of 
warehouses. Edgar T. Ward's Sons Co 


- , . 
665. Turbines 

Information on all types of turbo compressors 
for heat treating, cooling, foundry, and blowing 
operations. Send for each bulletin by number for 
particular application. Spencer Turbsne Co. 


666. Vacuum Pumps 

Engineering bulletin 10 describes the Cenco- 
Eypervac 25 fast, high-vacuum pump for use 
with diffusion pumps without an intermediate 
booster. Central Scientific Co 


667. Vacuum Pumps 

Bulletin V-45 describes complete range of high- 
vacuum pumps for insuring positive lubrication 
and long equipment life. Asnney Mfg. Co. 


668. Viscosity Measurement 

Viscosity measured continuously and auto- 
matically, if desired. in the pipe line, without 
withdrawal of fluid samples. Write for catalog 88 
describing this and many other uses of the Flow- 
rator meter. Fischer & Porter Co. 


669. Welding 

Announcing a new welding accessories catalog 
containing 15 pages illustrated in two colors and 
covering both oxyacetylene and electric-arc weld- 
ing accessories. Asr Reduction Sales Co. 


670. Welding, Arc 

Descriptive data on M & T welding machines 
to be combined with select “70° electrodes for 
top-notch arc welding. Metal & Thermii Corp 


671. Welding Bronze 

How to save material by bronze welding, an 
ideal combination for repair welding. building up 
worn surfaces and production welding, described 
in new 17th edition of B-15. American Brass Co. 


672. X-Ray Unit 
Catalog SB 304/4 describes new X-Ray diffrac- 


tion unit for foolproof operations in laboratory 
research. Jarrell-Ash Co 


See additional listings on Page 263 





“That 100-foot pipe 


again, chief... the 


“Let's try ™ ; 
iTE’ pipe this time” 


® Are there spots like this in your 
plant? Is corrosion causing repeated 
replacements of pipe line? If 
here’s what “Karbate” Impervious 
Graphite Pipe can offer: 


so, 


Resists the action of acids, alkalis 
and other chemicals 

Light weight with adequate 
strength 


Resistant to mechanical shock 
Immune to thermal shock 
Easy to machine and install 


Full range of sizes and fittings 
immediately available 


These products sold in Canado by Canadian National Carbon Co 

















a 


Write for bulletins M-8800 B and M- 
8801A. Learn about ease of ordering 
and installing “Karbate” Impervious 
Graphite Pipe and Fittings. Write 
Dept. mp. — 


The term“ Karbate’ 
is a registered trade-mark of 
NA A IN COM y x 
Unit of Union Carbide and Carbon Corporation 
uc) 
BW East 42nd Street, New York 17, N.Y. 
Division Sales Offices: 
Atlanta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco 
New York, U.S.A 


Foreign Department 


Te ee 
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with D. A. STUART 
CUTTING FLUIDS 


THERE are several reasons 
why it pays to give more than 
ordinary attention to selection 
of cutting fluids. Experience 
has shown that such attention 
can, more often than not, 
achieve these results: 


1. Longer Tool Life. 
2. Better Finish. 


Greater Output per 
Machine. 

Less Scrap Loss. 
Reduction in Number 


of Different Oils and 
Blends Required. 


These benefits add up to Lower 
Operating Costs. 

D. A. Stuart Oil Co. is pre- 
pared to help you stretch your 
machining dollar by the sound- 
ly engineered application of 
superior cutting fluids. Ask to 
have your nearby D. A. Stuart 
Oil Co. representative call to 
prove this statement. Send for 
D. A. Stuart literature. 





“WISE 
ECONOMY 
RESULTS FROM 
WISE 
SELECTION 
OF CUTTING 

FLUIDS” 











STUART serce goes 
with eery Sarvrel 


n.a. Stuart Ql co. 


2743 South Troy Street, Chicago 23, Illinois 





Strength of Alloys 
at High Temperature 


(Starts on p. 262) 
electrons that occurs in 
going from titanium to nickel, the 
highest occupied levels for both 
crystal structures are found in the 
energy interval from a to b. 

In the formation of solid solu- 
tions having structures analogous 
to a and y iron, resonance or 
superposition of the N(¢) curves 
characteristic of each of the com- 
ponents will occur. However, this 
generalized N(¢) curve for the solid 
solution will be similar to that for 
a or y iron, since it is determined 
in a basically symmetrical crystal 
structure and since the greater con- 
tribution to the common N(¢) 
curve will be made by the solvent 
component. 

In plastic deformation the elec- 
trons must change their energy and 
distribution in the crystal struc- 
ture. The probability of redistri- 
bution is lower (resistance to 
deformation is greater) the fewer 
are the permitted states of elec- 
trons in the upper occupied levels. 
On this basis the general principle 
can be stated: “A homogeneous 
solid solution with a minimum 
density of electron states in the 
region of the higher occupied levels 
of the N(¢) curve must possess the 
maximum heat resistance.” Prob- 
ably the slope of the N(¢) curve in 
this vicinity is also significant. 
This density of states is less for 
y iron than for a iron. 

Since the highest occupied state 
for y iron corresponds to position 
1 of Fig. 1, and that for nickel 
(also face-centered cubic) corre- 
sponds to position Db, it is predicted 
on the basis of this principle that 
the strength of iron at high tem- 
perature is affected only slightly 
by additions of nickel up to 50%, 
but is decreased by further addi- 
tion of nickel. 

On the other hand, the addition 
of a body-centered cubic element 
to a face-centered cubic solvent 
will result in greater hardness and 
strength at high temperature as a 
result of nonuniformity of the elec- 
tron distribution. This applies also 
to the addition of an element hav- 
ing a crystal structure with an 
Nie) curve significantly different 
from that of the face-centered cubic 
structure. 

Metals with different crystal 
structures and widely separated in 
the periodic table tend to form 

(Continued on p. 268) 
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CHEMICAL 
ANALYSIS 





... with the Evelyn 
PHOTOELECTRIC COLORIMETER 


For more than ten years this instru- 
ment has rendered outstanding 
performance in nearly every field 
of chemical activity. Distinguished 
by almost classic simplicity of de- 
sign, this colorimeter 1s noted for 
its sturdy and enduring construc- 
tion and for its unusual reliability 
and freedom from the mechanical 
and electrical deficiencies which 
can prove so costly in the efficient 
chemical laboratory. 


Because of the unique accuracy, 
speed and simplicity of operation 
which it affords, the Evelyn Color- 
imeter is widely used in both 
research and routine control labo- 
ratories in the metallurgical field. 
A detailed discussion of the design 
of this invaluable analytical tool 1s 
resented in our twelve-page Bul- 
= 160, available on request. 








ETER 
porTABle PRECISION P OTENTIOM 


ct. self-containe 
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RUBICON COMPANY 


Electrical Instrument Makers 
3758 Ridge Ave. ¢ Philadelphia 32, Pa. 


























It’s fumeless! 
It's foamless! 


It’s completely 
water soluble! 


Doesn't precipitate sludge! 
specify 


Won't corrode metal 
PARK-KASE No. 5=C€ pots and fixtures! 


for treating 


‘thard-to-clean’”’ 


parts () 


Comes to you ready-to-use! 
Requires no special mixing! 


Having trouble treating parts whose design makes clean- 
ing difficult? Then start up an installation of patented 
PARK-KASE No. 5-C. It’s a time-tested, completely water 
soluble liquid carburizing salt that will produce uniform 
case depths up to .050” total penetration. It doesn’t fume 
or foam . . . won't corrode your metal pots and fixtures 
. . . doesn’t precipitate sludge . . . and it comes to you 
ready-to-use... requires no speciai mixing of two or more 
compounds! It makes an extremely fluid bath, too. Yet its 
highly efficient carburizing activity is economically main- 
tained by the replenishment of normal dragout, or the 
addition of PARK-KASE No. 5-C ENERGIZER where 


unusual conditions of low replenishment prevail. 














See your Park representative or write today 
for complete technical information. 


CHEMICAL COMPANY 


8074 Military Ave., Detroit 4, Mich. 
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AMERSIL SILICA TRAYS 


—are suitable for repeated applications involving tempera- 
tures up to 1000°C. These trays are chemically inert —will 
not contaminate material treated —will withstand extreme 
thermal shock. For applications demanding temperatures 
over 1000°C., Amersil Trays may be used for short periods. 


TYPICAL APPLICATIONS 
Roasting of fluorescent powders, ores and pigments. 

Sintering of powdered metals. 
Corrosive chemical handling. 

Amersil Silica Trays are available in stock sizes and special 

sizes on short order. Flat, overlapping or matching covers 

can be furnished. 

Write to Dept. “A”’ for further information. 
*Trade Name Registered 


AMERSIL COMPANY Ine. 


ENGELHARC 
CHESTNUT AVENUE ENGES HILLSIDE 5, N. J 





ee 
lime 


RECIPROCATING, CONTROLLED ATMOSPHERE FURNACES 
SUITED TO WIDE RANGE OF GENERAL AND ATMOSPHERE WORK 
VERSATILE. A.G.F. Reciprocating Furnaces are suited to continuous clean harden- 
ing, annealing, normalizing, case-hardening by the patented Ni-Carb process, etc. 
Work treated in the same furnace may range from extremely small light springs, 

stampings, drop forgings, etc., up to quite large and heavy pieces. 

THE RECIPROCATING MUFFLE advances work through the heat by its own 
momentum. Heat losses and maintenance problems are reduced to a minimum by 
the complete elimination of conveying mechanism from the heating chamber. There 
is no traveling belt to be alternately heated and cooled — only work enters and 
leaves the furnace. 


<Can Write for Bulletin 815-1B today. 


<9) AMERICAN GAS FURNACE CO. 


1002 LAFAYETTE ST., ELIZABETH 4, N. J. 
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Strength of Alloys 
at High Temperature 


(Starts on p. 262) 
intermetallic compounds. Since 
there is no doubt that the electron 
distribution in such metals also 
differs sharply, it is reasonable to 
expect an increase in the strength 
of the face-centered cubic solid 
solution on the simultaneous alloy 
ing of it with several components 
that form intermetallic compounds 
among themselves. 

The second paper by Osipov* 
concerns the correlation between 
melting and strength. The high 
temperature strength of single 
phase alloys can be estimated from 
their ease of melting. Thus, the 
influence of components of an alloy 
on its strength can be judged fron 
the trend of the liquidus and 
solidus curves or surfaces. Refrac 
tory intermetallic compounds would 
be expected to have the best high 
temperature strengths, although 
they might be brittle 

rhe close relation between the 
melting temperature and the high 
temperature strength of alloys is 
explained by the fact that near the 
temperature of crystallization both 
the liquid and the solid have much 
in common in the distribution of 
itoms, in the character of thermal 
motion, and in the force of inter 
atomic interaction, and that the 
same binding forces apply to 
mechanical strength and to the 
resistance to melting. This relation 
is more easily revealed for pure 
metals than for alloys, especially 
those alloys capable of dispersion 
hardening. However, experimental 
data on iron-chromium, iron-nickel 
cobalt-nickel, and manganese-nickel 
alloys apparently confirm these 
views. 

A series of cast alloys were pre 
pared using high-purity metals and 
were annealed for 48 hr. in vacuum 
at 1150 or (for manganese-nickel) 
1000°C. At the end of annealing 
the specimens were water quenched 
The quenched specimens, 2.6 mn 
in diameter and 60 or 85 mm. long, 
were tested for comparative high 
temperature strength at 1100° C. by 
the method of I. IL. Kornilov. In 
this method the mechanical strength 
is evaluated according to the ce 
flection of the specimen under the 
action of centrifugal forces Phe 

(Continued on p. 270 

*“The Relation Between the Me 
ing Temperature and the High-Tem 
perature Strength of Alloys”, by 
K. A Osipov, Doklady Akad. Naul 
S.S.S.R., Vol. 61, 1948, p. 71-74 





Quenching Oil 


50% Greater Hardness 


in Carbon Steels 
with 
Less Distortion 


and 


50% Less 
Carry-Out 


Than With Any 
Competing Oil 
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Booklet Available 


RODMAN CHEMICAL CO. 


VERONA, PA. 
Fast Quenching Oils Since 1924 


BEST COMPETING OIL 


ANNEALED 
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THERMOCOUPLE 
EXTENSION 
LEAD WIRE 


There are two good reasons why we stress 
Gordon Quality and Gordon Service. (1) 
The precision quality of Gordon Thermocou- 
ple Extension Lead Wire is based upon 32 
years of experience in careful selection and 
inspection to meet rigid insulation require- 
ments. (2) Gordon's Chicago and Cleve- 
land plants carry complete stocks of Ther- 
mocouple Extension Lead Wire for practi- 
cally every application. (See illustrations 
below.) This means that your order gets im- 
mediate delivery of a QUALITY product— 
one that meets Bureau of Standards Specifi- 
cations. ORDER NOW! No waiting or de- 
lay. Prices available upon request. 


cate ne a wo = 
Sie Re eens 
CHROMEL-ALUMEL, Cat. No.12 


DUPLEX, each wire felted asbest 
evera 


3-A),14 go., STRANDED. 
s, Asbestos-yarn broid 


Se Oe VN 

TINUM THERM PLES, Cot. hs 122 16 ga 

PLEX, each wire felted asbestos, Asbestos 
overall 


(RON-CONSTANTAN, Cot. N 2 14 ga., STRAND.- 
ED-DUPLEX, each wire felted asbestos, Asbestos-yarn 


braid overa 





7 Li —1 

___< 

COPPER-CONSTANTAN, Cot. No. 1235-A, 14 ga., SOLID- 

OUPLEX, each wire cotton, rubber, weatherproof braid, 
leod sheath overall 





os SERVICE 
CLAUD S. GORDON CO. 


Speciolisis for 33 Yeors in the Heot-Treating 
ond Temperature Contro! Field 

Dept. 15, 3000 South Wallace St., Chicago 16, 11 

Dept. 15, 1016 Euclid Avenue © Cleveland 3, Ohie 
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Strength of Alloys 
at High Temperature 


(Starts on p. 262) 
alloy showing the smaller deflection 
has the better high-temperature 
strength. 

For 60-mm. bars of manganese- 
nickel alloys, deflections of 11, 5, 
and 3 mm. were produced in the 
70, 80, and 90% Ni alloys when 
subjected to 1500 r.p.m. for 5 min. 
Since the melting temperature in- 
creases about 200°C. from 70 to 
90% Ni, the predicted change of 
high-temperature strength is 
observed. Similar results were 
obtained for the other three alloy 
systems. 

From data on the iron-chromium 
system it was concluded that alter- 
ation of the crystal structure has 
little influence on the strength at 
high temperatures, in contrast with 
the great influence at low and 
moderate temperatures. Also, the 
data on iron-nickel alloys showing 
a linear change of strength with 
composition, support Bochvar’s the- 
ory that reversal of the relation 
between composition and proper- 
ties can occur as the temperature 
of testing is raised. 

Bochvar has proposed that the 
interaction by the co-existing 
phases is basic to the behavior of 
heterogeneous alloys at high tem- 
peratures, and that plasticity is a 
result of rapid rates of change of 
solubility with temperature. How- 
ever, it has been shown that in 
some alloy systems the  high- 
temperature strength of the hetero- 
geneous alloys is less than the 
strength of the single-phase alloy, 
while in other systems the reverse 
is true. An attempt is made* to 
explain this difference in terms of 
the transition zone that exists be- 
tween the grains of a single-phase 
alloy, as compared with the zone 
between the two different phases 
in a heterogeneous alloy. 

The structure of the transition 
zone in heterogeneous alloys can 
vary greatly depending on the 
character of the interacting phases. 
Between two different solid solu- 
tions there is a less orderly distri- 
bution of atoms and less directed 
chemical bonds than between a 
solid solution and a chemical com- 
pound. This zone can be consid- 


* ered as an unstable state, since in 


(Continued on p. 272) 


*“Factors in the High-Tempera- 
ture Strength of Heterogeneous 
Alloys”, by K. A. Osipov, Doklady 
Akad. Nauk S.S.S.R., Vol. 62, 1948, 
p. 493-495. 
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The series of 


20 articles on 


THTAMUM 


which ran in recent is- 
sues of Metal Progress 
has now been reprinted 
as a 42-page pamphlet. 
These articles discuss: 
PRODUCTION OF 

POWDER 
CONSOLIDATION OF 

POWDER 
INDUCTION AND 

ARC MELTING 


VACUUM MELTING 
AND CASTING 


SPOT WELDING 


PHYSICAL 
PROPERTIES 


MECHANICAL 
PROPERTIES 

HIGH-TEMPERATURE 
PROPERTIES 


CORROSION 
RESISTANCE 


TITANIUM ALLOYS 


SELECTED BIBLIOGRA- 
PHY OF 114 RECENT 
REFERENCES 


$ z “00 Wer copy 


Send your check and 
orderto... 


American 
Society for 
Metals 


7301 Euclid Avenue 
Cleveland 3 - Ohio 








INDUCTION 


HEAT 


PERMITS 2 OZ. 
TOLERANCE 


ON 

HIGH SPEED 
FORGING 
PRESS 


It previously took 8 to 10 drops of a hammer, with 
slow flow of metal, to achieve close tolerances 
required for connecting rod forgings. But this lead- 
ing automobile plant recently combined scale- 
free, closely controlled Ajax-Northrup heat with 
improved die design, and pioneered the devel- 
opment of rods press-forged at unheard-of pro- 
duction rates. 


Clean, fast induction heat now saves tons of steel 
yearly in many forge shops. Increases die life as 
much as 20%. No abrasive scale, and accurate 
timing prevents overheated dies. A bank of Ajax- 


AJAX 
ELECTROTHERMIC 
CORPORATION 


AJAX PARK, TRENTON 5, N. J. 


SINCE 1916 


Northrup heaters at each machine handles several 
sizes of stock, heating variable lengths with quickly 
adjustable timing and feeding devices so that jobs 
can be changed in a jiffy. Saves start-up time; the 
first hot billet is ready in seconds. No need to 
“pull” stock during shut-downs—just push the 
“off’’ button instead. Working conditions are 
better, too. 


Whether you want to improve quality or reduce 
costs, you'll find the right answer in Ajax-Northrup. 
Over 33 years experience in successful induction 
heating and melting. 


Associate Compames 
THE AJAK miTai COMPANY AJAK CLECTRIC FURNACE CORPORATION 
AJAK TLECTENC COMPANY, WC AJAL ENGINEERING CORPORATION 


AWadiiau 
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Pp ‘ at High Temperature 
PuRIty witH a PEDIGREE! 
(Starts on p 4/4 

a given system co-existing pluses 
accompany stable formations, Small 
changes in thermodynamic condi 
tions produce rapid changes in the 
grain-boundary transition zone, 
and contribute to the transfer of 
its substance into one or the other 





vy 


of the adjoining grains 
rhe surface tension of the tran 
sition zone also can contribute to 


HE forebears of Mathieson Ammonia are “blue-ribbon” 
quality .. . Mathieson sees to that. Mama Hydrogen and 
Papa Nitrogen are pure-bred—completely free from every 


its change, since this tension can 
trace of contamination. 


cause flow similar to the viscous 


MAA Op 


, . . ° . fl Ww if ainot}r hou bo li ° For 
Yes, Mathieson Ammonia has an enviable pedigree, but eng assem Desoengcect 


wait! ... what happens before it reaches you? Well, for one 
thing, it’s purged . . . moisture, non-condensable gases and 
other impurities are eliminated. Cylinders are thoroughly 
checked. Valves get a special going over. That good pedi- 
gree ammonia is available promptly from any of 44 ware- 
houses. Write for free 40-page booklet: “Ammonia in Metal 
Treating”. Mathieson Chemical Corporation, 60 East 42nd 
Street, New York 17, N. Y. 


pure metals, where there cannot be 
mutual solubility of phases, it has 
been shown that plastic deforma 
tion at small loads and high tem 
peratures is dependent on viscous 
flow at the grain boundaries. The 
mechanism of flow can be assumes 
to be the same as that of diffusion 

rhe factors that contribute to 


e viscous flow of the transition zone 
Ammonia, Anhydrous & Aqua . . . Caustic Soda 
Soda Ash .. . Bicarbonate of Sodo - Liquid go son 
Chiorine .. Dry Ice... Chlorine Dioxide HTH 
Products . Fused Alkali Products . Sodium 
Chliorite Products . Carbonic Gas Sodium 

Methylate 


and thus increase the plasticity olf 
the alloys are undoubtedly  thoss 
that increase diffusion at the erys 
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tal boundaries. The most impor 
tant of these factors is the melting 
temperature of the transition zone, 
since at a given temperature diffu 
sion is more rapid in a substance 
RED AT THE ENEmMy having a lower melting point. In 
o> 
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h eutectic systems the transition zone 
. 
t t e has a lower melting temperature 
yes bi hand thas than either of the pure’ phases; 
‘ fed 
her therefore, the high-temperature 
strength is lower for heterogeneous 


. 
. 
. 
alloys in eutectic systems Phis 
conclusion is valid only for testing 
temperatures at which diffusion is 
Bette cums ben rapid. Similarly, in peritectic sys 
treating, the early can- tems, the high-temperature strength 
non often exploded . 
like a bomb among its of heterogeneous alloys is interme 
own hapless crew. ‘ > . > ns © ¢ 
Whic 1458 madel liate between the strength { the 
“burst with pride” Ge- two pure phases 
a - Other factors that depend on 
the nature of the interaction be 
S. ° 1 ifi | . tween co-existing phases are a 

céieuce accurately fortifies your steel at Lakeside | inc structure and composition of 
the transition zone, (b) the mutual 
solubility of the phases and its 
variability with temperature ind 


Our Services: pjectronic in. ¢Cutacy is a prime essential for steel treating 
duction Hardening, Flame Harden- effectiveness. Each steel part failure in the 
, . BS) : er 
Tessting and Strmakesiag Gil past was a challenge to Science. And Science 
lengths and sizes). Annealing, Stress = answered with controls—automatically oper- 
Relieving, Normalizing, Pack, Gas = » 
of Liquid Carburizing, Nitriding, ated by electronics—so that now, every phase 
peed Niutriding, Aerocasing, ap- a on ” s z .“ 
manizing, Cyaniding, Sand Blasune, Of putting “backbone” into your high-per- 


Tensile and Bend Tests. formance steels is of unvarying precision. 
ee ee Lakeside’s modern steel treating facilities 
Approved Steel Treating Equip- represent some of the latest scientific advances 


ment by U.S. Air Force — Serial f F henet 
No. DE-S-24-1 through 30. or your bDenent. 


(c) the stress in the transition zone. 

Diffusion occurs more slowly it 
the transition zone between a solid 
solution and a chemical compound 
than in the zone between twe 
different solid solutions. Diffusion 
occurs more rapidly the smaller the 
mutual solubility of the phases. 


THE reeshenen in the transition zone can 
increase the rate of diffusion 
° Thus, the effect of heterogeneity 
alloys 


in on the high-temperature 
@ 3 5ar8 LAKESiDE AVE, CLEVELAND 14, OHIO HENDERSON 9100 SSA, strength can be diverse S 
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There’s a Du Pont Molten Salt Bath 
for Any Type of Case Hardening 


Recommended 


Temp. °F % 


NoaCN 


REPLENISHING 
COMPOSITION 


STARTING 
COMPOSITION 





PLAIN CYANIDE 


30 or 45% CYANIDE-CHLORIDE 
MIXTURE, “CYANEGG” and NoCi, 
and /or Ne2CO3 


45, 75 or 96% 
NoCN—depending 
on dragout loss 





DU PONT 
ACCELERATED 
SALT WS with 
Graphite Cover 


1/10 ACCELERATED SALT WS 


ACCELERATED 
SALT WS 


plus In some cases, 
9/10 Du Pont Case Hardener supplemented 


as with 30% and or 
3G, NeCN 96% NeCN 





DU PONT 
CARBURIZING 
SALT with 
Graphite Cover 











a 


1/3 CARBURIZING SALT 
plus 
2/3 HEAT TREATING SALT Ne. 6 


CARBURIZING 
SALT 








EACH OF THESE BATHS is designed to produce cases 
of desired depth in the shortest possible time at 
the lowest possible cost. Yet they're but three of 
many Du Pont heat treating products that will return 
top production for you with maximum economy. 
Du Pont technical men will work with you in select- 
ing the right materials to meet specific needs. For 





FREE MANUAL 
ON MOLTEN SALT BATHS 


a U practical 
More than 70 pages © 
molten material on heat treatment, fully 


salt bath s illustrated. Ask for your copy: 


more information or technical assistance, write or 
call our nearest district office. E. I. du Pont de 
Nemours & Co. (Inc.), Electrochemicals Depart- 


ment, Wilmington 98, Delaware. 
DISTRICT OFFICES: Baltimore, Boston, Charlotte, Chicago, Cin 


cinnati, Cleveland, Detroit, El Monte, California, New York, 


Philadelphia, Pittsburgh, San Francisco 


DU PONT 
CYANIDES and SALTS 


for Steel Treating 
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m Accurate 7 


© empenratwres 
AT A GLANCE WITH THE SIMPLIFIED 
PYRO OPTICAL PYROMETER 
Any operator can quickly determine tempera- 
tures on minute spots, fast moving objects and 
smallest streams. Completely self-contained. 
No calibration charts or accessories needed. 
An accurate, direct reading Pyrometer that 
4 J pays for itself by helping prevent spoilage. 
OUR GoAL— ; Weighs 3 Ibs. Available in 5 temperature 
- ranges (1400° F. to 7500° F.). Ask for free 
. to: Catalog No. 80. 
A good firm te 8 Instruments in One 
Work for \ ; The NEW Pyro Pyrometer handles — 
S Il to all surface temperature measuring jobs. Has 8 
2 - 
from types of thermocouples; all interchangeable in 
Buy ro seconds with no recalibration or adjustment. 
is the objective Automatic cold end compensator. 


of this company: 





Shock, moisture and 
dust proof. Accurate, 
big 4434” indicator. 
Available in 5 temper- 
ature ranges 


ASK FOR FREE 
CATALOG No. 160 


The Pyrometer Instrument Company 
ole) AO). 0:) 7: Wie ele) Sanyo 0 8 New Plant and Laboratory BERGENFIELD 8, NEW JERSEY 


t* 


Manufacturers of Pyro Optical, Radiation, Immersion 
fr and Surface Pyrometers for over 25 years & 


See our Exhibt at Booth No. 613 — I.S. A. Convention 











Is this new book in your Library? 
METALLURGY & MAGNETISM 


The relationship existing between metallurgy Table of Contents 

and magnetism, particularly to ferromagnetism, —- or 

forms the basis of this important book. A series Magnetic Theory and Definitions—magnetic poles 
of three educational lectures during the National pete pig Seres and enGustion - » tatenalty of 
Metal Congress, it attracted large audiences as magnetization of ferromagnetic elements . . classes 
presented by James K. Stanley, research metallur- of magnetic materials . . properties . . eddy currents 
gist, Magnetic Department, Westinghouse Research - o0ane Base - ne = s Srp & Hagan weerere 
Laboratories. Stanley points out that magnetic —“m magnets . . a — materiale 
materials today are the foundation of countless - . common ferrous materials . . Factors Affecting 
Magnetic Properties—production factors in_ soft 


electrical circuits from the generators on automo- - “ , : , 
magnetic materials, in hard magnetic materials 


biles to the generators at power stations, from , : 
the motors in electric shavers to the giants used fees chemical and structeral factors i Magnetic 
for rolling mills, and from the transformers used Analysis—nondestructive testing, equilibrium dia- 
in your radio to the mammoth structures found at grams . . Many pages of references. 

power dams. 156 Pages...6x9...82 illus....red cloth...$4.00 


Send your order to 


American Society for Metals 
7301 Euclid Avenue Cleveland 3, Ohio 
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PRACTICAL, PRECISION-MADE 


POCKET MICROSCOPE 


Model $-129 


For On-the-Spot 
INSPECTION OF METALS 


Here is a handy, versatile instrument, built to 
rigid laboratory standards . . . valuable in the 
shop, in the laboratory, in the field . .. wherever 
critical inspection of metals is desired. Com- 
pact design and easy operation permit quick, 
positive quality checks anywhere. 

Covering the useful 40 to 60 power range, 
the S-129 Pocket Microscope is ideal for 
examining grain patterns and surface defects— 
seams, hasdneee cracks, pickle marks, scale, 
etc.—as well as coated surfaces, castings, 
extrusion dies, cutting tools, machined, 
threaded and welded sections. 

Features include micrometer fine-focus ring, 
Huygens eyepiece, achromatic objective, inte- 
gral steady rest and reflector, draw-tube selec- 
tion of 40, 50, 60-power magnification. Satin 
chrome finish. S-129 Pocket Microscope with 
leather carrying case—$18.50. 

Moke this 5-day on-the-job test! 
Order the $-129 Pocket Micro 


scope now and try it for five days, 
A fair trial will show you how it 


BUHL aes aor Sr ee 
OPTICAL - 
COMPANY 


Desk T-107, 1009 Beech Ave. 
Pittsburgh 12, Pe. 





Fac? 5 
UGeweee | 


@ Immediately a “RockweL_” 
or “‘Tukon” Hardness Tester is put into 
use, its purchase price becomes its least 
important feature. From then on the only 
measure of value is the accuracy of every 
test made. 

The dependable, enduring accuracy 
of all Wilson hardness testing equipment 
is assured by Wilson’s long experience, 
the Wilson Standardizing Laboratory and 
Wilson Field Service Engineers. In terms 
of hardness testing service, Wilson offers 
you most for every dollar you invest. 

Write for Catalog RT-46 on the 
“ROCKWELL” Hardness Tester and Bulle- 

’ tin DH-7 on microhardness testing with 
CARL-MAYER HIGH TEMPERATURE FUE- the “TUKON" Tester. 
peratures up to 1,200°F., BRALE is the only diamond indenter 
Mg Bd a > ei @ We = made to Wilson's precision standards 
to 2,000° F.. for heat — ‘ es —¥- , for use on “ROCKWELL” Hardness 


Testers and “ROCKWELL” Super- 
ing, etc., using gas, oil and other fuels. Our .eS J 
many outstanding achievements make ft well ficial Hardness Testers. 


gpg WILSON seco 


neers on your next installation. 
MECHANICAL INSTRUMENT CO., INC. 
AM ASSOGIATE COMPANY OF AMERICAN CHAIN & CABLE COMPANY, INC. 











3030 Euclid Avenue, CLEVELAND, OHIO. 
SSS | Le eS 


230-F PARK AVENUE NEW YORK 17, N.Y. 
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™VICKERS 


a 


The PERFECT 
PHOTOMICROGRAPHIC INSTRUMENT 





COMPLETELY VERSATILE... . 


Range of magnification 3X to 4400X, incident or transmitted 
light. Dark ground and polarized light examinations of opaque 
or translucent substances. Convertible in 30 seconds to macro 
work with accessories supplied. Two light sources supplied 
for instantaneous changeover. Objectives of any make can be 
used 


FASTER AND MORE CONVENIENT IN USE... . 


Users have photographed more than 120 different specimens a 
day. Camera length variable between 16 and 36 inches without 
movement of plateholder or any external part. There are no re- 
mote controls. Magnetic centering mounts for rapid changing 
of objectives 


NEW, ADVANCED DESIGN AND CONSTRUCTION... . 


Immunity from vibration. Microscope head of heavy cast brass 
Extremely robust. Stage will take specimens up to 50 pounds 
in weight. Precision of the highest order in every detail 
Occupies very little floor space (28" x 30"). Supplied with fitted 
cabinet 


Send for 36-page brochure dealing thoroughly with the 
VICKERS PROJECTION MICROSCOPI 


Available on request from 


The R. Y. FERNER COMPANY 
110 Pleasant Street 
Boston 48 (Mal. Sta.), Mass. 


Agents for the manufacturers, 


Cooke, Troughton and Simms, Ltd., York, England 





KING PORTABLE 
BRINELL 
HARDNESS TESTER 


How many times have 
you carried heavy work 
to the Brinell Tester? 
Too often, you'll say 

Here is a 26-lb. port- 
able tester you can easily 
take to the work and save 
time and trouble by doing 
your Brinell work on the 
ob. The King Portable 

rinell pute an actual 
load of 3000kg on a 10mm 
ball. It can be used in 
any position. 

The test head is remov- 
able for testing larger 
pieces beyond the capac- : : 
ity of the standard base. Throat—é° deep. Gap—10° high 

W eight — 26 lbs. 
Let us show you how we can lighten 


your Brinell testing. 
ANDREW 
KING 


NARBERTH, PENNA. 

















“eU22eR" HIGH SPEED Gos FURNACES 


2400° F. 
attained quickly with 
“BUZZER” Full Muffie 

Furnaces 


Designed primarily for heat treating 
high carbon and alloy steels 


NO BLOWER or POWER NECESSARY 
--.- just connect to gas supply 


“BUZZER” Atmospheric 

Pot Hardening Furnaces 

assure even heat up to 
1650° F. 


Used for Salt, Cyanide and Lead 
Hardening. Also adapted for 
Melting Aluminum. 


Send for the complete 








"BUZZER" catalog today. 


CHARLES A. HONES, inc. 


123 So. Grand Ave. Baldwin, L.I., N. Y. 
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Announcing the 





FOURTH 


AS 
Ww 











Metallographic 
Exhibit 


to be held at the National Metal Congress and Ex- 
position in Cleveland, Oct. 17 to 21, 1949. Rules are 
simple and few; there are no restrictions as to size 
or method of mounting. A large area in the exhibi- 
tion hall has been reserved so the entries can be dis- 
played to best advantage. 











RULES FOR ENTRANTS 


Work which has appeared in previous Metallographic Ex- 
hibits is unacceptable. 


Photographic prints shall be mounted on stiff cardboard. 
each on a separate mount. Each shall carry a label giving: 


Name of metallographer 
Classification of entry 

Material. etchant. magnification 
Any special information as desired 


Transparencies or other items to be viewed by transmitted 
light must be mounted on light-tight boxes wired for plug- 
ging into an ordinary lighting circuit, and built so they can 
be fixed to the wall. 


Exhibits must be delivered between Oct. 1 and Oct. 12, 
1949, preferably by prepaid express or registered parcel post. 


Address: Metallographic Exhibit, 
c/o W. H. Eisenman 
National Metal Congress and Exposition 
Cleveland Public Auditorium, Cleveland, Ohio 


AWARDS AND OT 


CLASSIFICATION OF MICROGRAPHS 


. Cast Irons and Cast Steels 


. Toolsteels (except carbides) 


. Irons and Alloy Steels (excluding stainless) in Wrought 


Condition 
. Stainless and Heat Resisting Steels and Alloys 
. Light Metals and Alloys 
. Heavy Nonferrous Metals and Alloys 
. Powder Metals (and carbides) and Compacts 


. Weld Structures (including brazed and similar joints) 


. Series of Micros showing Transitions or Changes During 


Processing 


. Surface Phenomena and Macrographs of Metallurgical 


Objects or Operations (2 to 10 diam.) 


. Results by Non-Optical or other Unconventional Tech- 


niques. 


HER INFORMATION 


A committee of judges will be appointed by the Metal Congress management which will award a first prize 
(a blue ribbon) to the best in each classification. Honorable Mentions will also be awarded other photo- 


graphs which in the opinion of the judges closely 


A Grand Prize, in the form of an engrossed certifi 


exhibitor whose work is adjudged “best in the show’ 


can Society for Metals for preservation and displa 


approach the winner in excellence. 


cate, and a money award of $100 will be awarded the 
*,and his exhibit shall become the property of the Ameri 
y in the Sauveur Room at the Society's Headquarters. All 


other exhibits will be returned to owners by prepaid express or registered parcel post during the week of 


Oct. 23, 1949. 


Entrants living outside the U. S. A. will do well to send micros by first-class letter mail endorsed “May 
be opened for Customs inspection before delivery to addressee”. 
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METAL CONGRESS 


CLEVELAND PUBLIC AUDITORIUM, CLEVELAND 
October 17 to 21, 1949 
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ACT NOW! 
Win $500.00 In Cash Awards 


Contest Closes Sept. 1 





YOu MAY WIN eres The timely theme of the 31st National Metal Congress & te er the 


annual meeting of your American Society for Metals in Cleveland, will be 


First Prize $300 ECONOMY-IN-PRODUCTION 


. To enhance this presentation the Metal Congress desires to secure a 
Second Prize $100 number of specific examples or case-histories showing how Econumy-In- 


Production has been achieved by the introduction of 


Third Prize $ 60 Improved Metallurgical Engineering Improved Forming, Fabricating or Join 
Methods ing Methods 


Improved Equipment and Processes Improved Cleaning Methods or Surface 
S 40 Improved Alloys, Metals or Metal Finishes 
Forms Improved Inspection Methods 


Fourth Prize 


You may win one of these cash awards simply by giving us an account of a specific ECONOMY-IN-PRODUCTION 
case history. Easy? Yes! Just look at your own plant operations. Select a good example. Then read these few 
rules, write your story and send it along. 


RULES AND CONDITIONS 


. All entries must be submitted before September 1, 1949 
(Act promptly!) 


Heat treatment—equipment, processes and supplies. 
Welding, brazing, and mechanical joining. 


sd 
: . e i ini 
. Contestants must be members of the American Society Surface cleaning and finishes. 
for Metals. ® Inspection of mass production. 


. Contestants shall submit typewritten manuscripts, sup- . All entries must describe actual achievements; names 
ported by photographs or drawings and cost sheets. of individuals, plants and products involved must be 


cited. 
. Text should not exceed 1000 words (approximately ; 


three typewritten, double-spaced pages). . Cash awards will be made by a committee of judges 


appointed by the President of the American Society for 
. Subject matter shall conform to the ECONOMY-IN- Metals. Their decision will be final. 


PRODUCTION theme, and fall within one or a com- 
bination of the following areas of interest to the Amer- . If the judges find other entries to have special merit, an 
ican Society for Metals: appropriate citation and certificate will be issued. 


* Steel refining. . Submission of entries shall be regarded as evidence of 


Mill operations, ferrous and nonferrous. release for publication by the American Society for 
Production of castings. Metals. 

Improved applications of specific metals and of 

such metal-forms as castings, forgings, stampings, Address all entries to 


weldments, powder metal parts, tubing. 

Forging, stamping and press-shop operations. C 0 N T E $ T E D | T 0 R 
Machining operations that involve improved appli- ECONOMY-IN-PRODUCTION 
cation of toolsteels, tool materials, cutting com- 


pounds or the metallurgical condition of the work National Metal Congress & Exposition 
being machined. 7301 Euclid Avenue Cleveland 3, Ohio 
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CARBURIZING COMPOUND 
ts You-Surming 
Char Carburizers do not burn when exposed 
to the air, because the ignition point of the 
base carbon is regulated. This means there 
is no waste due to burning. The discomfort 
of heat and dust arising from the hot and 
glowing compound is largely eliminated. 


These low burning losses make Char out- 
standing for cleanliness and economy. 


CHAR PRODUCTS COMPANY to 
MERCHANTS BANK BLDG., INDIANAPOLIS 4. IND. , INCREASED DIVERSITY 


o * 
—ta production control 
To the proven instrumentation for X-ray 
diffraction, which serves as a practical 








LOOK AT THESE aid in rapidly identifying, comparing 

% ’ and analyzing raw and finished mate- 

2) SEVWVINGS! rials, processes, finishes, etc., NORELCO 

now adds its latest development in X-ray 

D. 53%...7 4% Diffraction Spectrometry the High- 


saath3 Angle Spectrometer. 

Ty[) OF NOBLE METAL THERMOCOUPLE COST aes echiediiie Wiatinn tes ebe 
‘sides achieving higher bi flec- 

x with ENGELHARD RECLAIMING PROCESS 5 es nee 

cr tion angles than hitherto, with a greater 

ON ONE 30° long platinum thermocouple, the decree of accuracy and higher intensi- 

Fngelhard Reclaiming Process saved $3 as com- 5 d 5 


pared to the cost of a new unit. On another, the ties, the Sper trometer in orporates the 


saving was ‘ These are typical examples of » = -™ ¢ 
how Engelhard Reclaiming taciading: aaleginn Nc REL( o Geiger I ube-Rec order System 
po en Pooreae S a vee | a poe ng whi h provides patterns ol relative dif- 
lar. What's more, Fngelhard restores old ther- fraction intensities on a chart—-offering 
moelements to like-new condition...in just 48 “ > gs . a . 
hours, if necessary. definite proof of identity for production 
ENGELHARD also manufactures a line of wide- control in a relatively short time. 
range the rmocouples and accessories to meet your 

pecific conditions of atmosphere and temperature * * 
For complete information on either Repairs and , 
Reclaiming or New Couples, fill out coupon below Write today for ¢ omplete details on this important 
and mail today 


* 


advancement in research and control equipment 
POSSESS SSSSSSSSSSS SS SSS OSS SS 


Please 


NORTH AMERICAN 


aie NORTH AMERICAN 


(NY PHILIPS 
~— COMPANY, INC. 
Research and Control instruments Division ' 
750 SOUTH FULTON AVENUE, MT. VERNON, N. Y. 


Cc a A R L e _ gE tap G 7 L ee A ie D, | he ¢€.. ' In Canoda: Philips industries Lid., 1203 Philips Squore, Montrec! 


Export Representative: Philips Export Cor; 50 South Fulton Ave., Mt. Vernon, N.Y. 
850 PASSAIC AVENUE, EAST NEWARK, N. J _— ” Cee ‘a . wt 
2 


1 Recla ng Process 
elhard Bulletin 330-D 


NAMI 


ADDRESS 


D-8 


- CE-111 
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A. P. FORD, Adv ng Manager; GEORGE H. LOUGHNER, 


ROBERT S. MULLER, Eastern Manager 


55 W. 42nd St., New York 18—CHickering 4-27 
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Conti ling subjects the entire length Bright Annealing Tubing. Discharge end of 





and width of the strip to same time and tempera- an EF continuous speciol atmosphere furnace 


ture treatment, greatly improving drawing qualities. bright annealing 40,000 Ibs. steel tubing per day 


Clean Annealing Wire in an EF gos fired recuper- Brazing and Heat Treating operations are 
ative radiant tube type special atmosphere continuous carried out in above furnace. Other interesting instal- 


roller hearth furnace. Handles coils up to 30” diameter. lations ore shown in Bulletin No. 461. Send for copy. 


BUILDS A SIZE AND TYPE FURNACE 
FOR CVEFY HEAT TREATING REQUIREMENT 


@ Whether yours is a ferrous or non-ferrous annealing, brazing, 
forging or other heating or heat treating problem—there’s an 
EF furnace to take care of your specific requirements. EF builds 
all types—in sizes for most any production—oil-fired, gas-fired 
or electrically heated. Consequently we can recommend without 
prejudice the design, the size and the method of firing that suits 
your particular problem—best. 

For uniform, efficient, low-cost operation and results it will 
pay you to investigate recent EF developments—the results of 
over 30 years of furnace building experience. Call in an EF 
engineer on your next furnace problem. 

Write for Bulletin 461. It illustrates 17 sizes and types—and 


describes each briefly. 








THE ELECTRIC FURNACE CO. 


WILSON STREET » 
GAS FIRED, O1L FIRED AND ELECTRIC FURNACES 
FOR ANY PROCESS, PRODUCT OR PRODUCTION 








YES? “aae” colloidal graphite dispersio 
helping someone in the same business. They Co” save 
you money, too. 


NO? ‘“‘gag”’ colloidal graphite has many useful proper 
ties in unique combination - - - it may be just what you 
need to solve 4 problem in your business. 


*‘gag”” colloidal g a slippery: dry lubricating 
solid; resistan h ure extremes, easily 
mixed with most liqui lly inert; an 
electrical conductor or resistor, where used; 
of microscopically f ‘cles; black and 

heat; low in photo-electric 

sensitivity: coefficient of expansion; 
gas adsorbent; magnetic; made up of electrically 
charged particles; possessed of a specific gravity of 2.00- 


Drawing Dies 2.25 and a Moh’s hardness rating less than 1. 

in 

paver **aag”’ colloidal graphite dispersions are most commonly 
Electric Irons used for GENERAL LuBRICATION, ExTREME (HIGH or Low) 
meebo a vd TEMPERATURE LUBRICATION, PARTING, IMPREGNATION, AND 
Elevators - Opaquinc; also for other applications listed on this page- 
Enameling Oven 


Parts Mail the coupon NOW for more information on your spe- 
Forging Dies cific problem. Acheson Colloids engineers are anxious to 
Flexible Shafts help you. 
eel _ —_— ——_— ——_— —_ —_— —_ —_ —_— 
ACHESON I think “dag” colloidal graphite can help me in 
COLLOIDS (fill in specific application) 
T] Send me mo nformation. 
CORPORATION =) e more information 
| Send a sales engineer at my convenience. 
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